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ABSTRACT 
The Effect of Heat Treatment on Meat Heme and Nonheme Iron 
Bioavailability in the Anemic Rat. 
by 
Oranong Jansuittivechakul, Doctor of Philosophy 
Utah State University, 1983. 
Major Professor : Dr. D. P. Cornforth 
Department : Nutrition and Food Sciences. 
xi 
Three separate experiments were conducted to investigate the ef-
feet of heat treatment on meat heme and nonheme iron bioavailability 
in anemic rats. Male weanling Sprague-Drawley rats were first made an-
ernie, then subsequently fed with experimental diets. In the first ex-
periment, dietary iron sources were raw or autoclaved meat mixed with 
ferrous sulfate to give the ratios of iron from meat and ferrous sul-
fate equal to 100:0, 75:25, 50:50, 25:75, and 0:100 respectively. For 
the second experiment, the dietary iron sources were raw or autoclaved 
meat mixed with bovine hemoglobin (HB) to give dietary iron ratios as 
described for experiment 1. For experiment 3, dietary iron sources 
were boiled meat and baked meat. 
Known amounts of the experimental diets were fed the anemic rats 
for a 10-day repletion period. Body weight, hemoglobin concentration 
and hematocrit were determined before and after the repletion period. 
The animals were then sacrificed and the liver iron content was mea-
xii 
sured, as was the iron content of the feces from the last 7 days on 
test of each rat. In vitro digestion was done to determine the amount 
of soluble iron in the diets. 
Heat treatment increased the bioavailability of iron from hemo-
globin from 23% to 30%. The effect of cooking on the bioavailability 
of iron from meat and ferrous sulfate were negligible. The efficien-
cies of conversion were 35, 37, 36 and 37 for raw meat, autoclaved 
meat, boiled meat and baked meat, respectively. Ferrous sulfate gave 
the highest bioavailability in anemic rats (65%). As the dietary pro-
portion of iron from ferrous sulfate increased, the dietary iron bio-
availability increased proportionally. Iron bioavailability decreased 
as the proportion of dietary iron fro·m hemoglobin (HB) increased. Meat 
did not increase the bioavailability of iron from either ferrous sul-
fate or hemoglobin. 
Heat treatment decreased the heme iron content in the diets but 
did not affect the amount of soluble iron. Soluble iron content in-
creased as the dietary proportion of iron from ferrous sulfate or hem-
oglobin (HB) increased. There was no correlation between the iron . bi-
oavailability in rat and the soluble iron content determined by in 
vitro digestion. 
(124 pages) 
CHAPTER I 
INTRODUCTION 
Iron deficiency anemia is one of the important public health nu-
tritional problems in the world. In the etiology of this disease, 
dietary factors are considered to play an important role. The most 
important factor in meeting iron requirement through dietary means is 
the limit in absorption of dietary iron. Many studies demonstrate 
dramatic changes in bioavailability of iron as a result of interac-
tions among foods or food processing. 
Heat processing has long been known to affect the digestibility 
and nutritive value of protein. Although heat processing may destroy 
some inhibitors and actually improves the overall nutritive value of 
beans, heat labile protein may be reduced in quality. Hendricks et 
al .(1977) found that processing the beef shank into bologna reduced 
protein efficiency ratio and nitrogen efficiency for growth of rats, 
but digestibility was improved, compared to raw beef shank. 
It has been established that food processing can alter iron bio-
availability. Wood et al .(1978) determined the effects of autoclaving 
(121 C for 15 min) on the bioavailability of four supplemental inor-
ganic iron salts (ferrous sulfate, sodium ferric pyrophosphate, ferric 
orthophosphate and ferric pyrophosphate) in basal diets, using a he-
moglobin depletion-repletion technique in chicks. They found that the 
2 
relative biological value of sodium ferric pyrophosphate and ferric 
pyrophosphate increased following retort processing, while the rela-
tive biological value of ferrous sulfate and ferric orthophosphate re-
mained unchanged. Similar results were reported by Theuer et 
al .(1971, 1973) who investigated the effects of sterilization upon the 
availability of supplemental iron added to infant formulae. In soy 
isolate formula, they found that sterilization had no effect upon the 
relative biological value (RBV) of ferrous sulfate but increased the 
RBV of ferric pyrophosphate from 39 percent to 93 percent and for so-
dium ferric pyrophosphate from 15 percent to 66 percent (Theuer et 
al.,1971). In milk based formula, bioavailability of iron from sodium 
ferric pyrophosphate and ferric pyrophosphate was increased from 40 
percent to 60 percent and 75 percent to 125 percent respectively after 
sterilization (Theuer et al.,1973). 
Callender et al.(1957) found that boiling of intrinsically la-
belled rabbit hemoglobin for 3 min decreased the absorption of hemo-
globin about 50 percent in both normal and iron-deficient human sub-
jects (from 11 to 7 percent and 22 to 12 percent in normal and 
iron-deficient subjects respectively). On the other hand, Turnbull et 
al .(1962) reported that cooking hemoglobin in a boiling water bath for 
15 min did not alter the absorption of the hemoglobin iron in iron-
deficient human subjects. Park et al .(1983) also found that heating 
of commercial bovine hemoglobin in a water bath at 80 C for 45 min, 
storage in a refrigerator overnight, then reheating for 45 min at 85 C 
reduced the hemoglobin iron bioavailability for anemic rats about 24 · 
3 
percent (the regeneration efficiency was reduced from 25 percent to 19 
percent). However, this heat treatment did not reduce the iron bio-
availability of fresh pork blood. Mclaughlin (1981) and Tzy-bin Tso 
(1979) also observed that meat cooked by autoclaving (121 C 15 psi for 
90 min) consistently had lower apparent iron absorption values when 
fed to weanling rats. The reasons for the observed reduction of iron 
absorption in autoclaved meat were unclear. The decrease of dietary 
iron absorption may be due to the increase in the iron and calcium 
content in their experimental diets or may be related to changes in 
meat protein caused by cooking. 
It is well known that prolonged application of moist heat at low 
temperature gelatinizes connective tissue (Hultin, 1976) which prob-
ably increases its digestibility. In contrast, Cheng and Parrish 
(1979) reported that heating myofibrillar proteins in a water bath at 
55 to 80 C decreased the solubility of myosin as assayed by 50S-poly-
acrylamide gel electrophoresis. The solubility of the heme-containing 
myoglobin was not determined, but it is likely that its solubility is 
also reduced by heat treatment. 
Hallberg and Solvell (1967) found a delayed appearance of hemo-
globin iron in plasma, compared to ferrous sulfate, which may be due 
to a slower rate of uptake of the iron-porphyrin complex into the mu-
cosal cells from the gastro-intestinal lumen. It is possible that 
hemoglobin digestion in the gastrointestinal tract might be slowed 
such that relatively more digestion of hemoglobin would occur in the 
more distal portions of the digestive tract. This could result in im-
4 
paired iron absorption from myoglobin in meat, since Ansari et 
al .(1977) found that ninety percent of the 59Fe dosed to rats was ab-
sorbed in the first twenty percent of the small intestine. In support 
of this concept, Wheeler and Morgan (1958) observed that the post-
prandial increase in plasma amino acid concentration was markedly de-
creased in rats fed autoclaved (121 C for 120 min) pork meat compared 
with raw, freeze-dried pork,indicating delayed absorption. Similarly, 
Rotruck and Luhrsen (1979) noted lower than expected iron bioavaila-
bility in beef roasted at 350 F for 3 hours, when fed to rats (bio-
availability of cooked beef was 26-55 percent of ferrous sulfate). 
Iron absorption of cooked meat may be affected by the form of 
meat iron. Thus, it is important to determine the relative amounts of 
heme, non-heme and soluble iron present in meat product before and 
after cooking to accurately interpret iron bioavailability data. 
5 
Objectives of this Study 
1. To study the effect of heat treatment of meat (mixed with 
ferrous sulfate or hemoglobin) on iron bioavailability and percent 
iron absorption in anemic rats, using a dose-response design. 
2. To study the effect of meat cooking methods on meat iron bio-
availability in anemic rats. 
3. To study the effect of heat treatment on the relative levels 
of heme, non-heme and soluble iron in meat and meat mixed with ferrous 
sulfate or hemoglobin. 
6 
CHAPTER II 
LITERATURE REVIEW 
Iron Absorption 
Absorption of iron occurs mostly in the proximal small intestine 
(Ansari et al .,1977; Forth,1974). Iron is absorbed from the lumen of 
the gut into the small intestinal mucosa and then transferred into the 
body (Conrad and Barton,1981). The entry of iron at the brush border 
seems to be by passive diffusion but the exit from the serosal surface 
of cells to the plasma transferrin probably requires metabolic energy 
(Moore,1973). The amount of iron absorbed does not increase linearly 
with increasing dose but varies inversely with mucosal cell iron con-
tent (Forth and Rummel,1973). 
It has been postulated that the absorption of iron usually plays 
a more active regulatory role than excretion in the maintenance of 
iron balance in the body (Conrad et al .,1964). Due to the limited ca-
pacity of the body to excrete iron, uptake by the intestine is res-
tricted to a small fraction (0.03%) of the total body burden (Linder 
and Munro,1977). The amount of iron potentially available from food 
depends on the amount of iron consumed, the nature of that iron, the 
composition of the meal in which it is consumed, intestinal secretion, 
and endogenous mechanisms in the intestinal mucosa which are respon-
7 
sive to body needs (Conrad et al .,1964; Forth and Rummel, 1973; Lay-
risse,1980). 
The rate of iron absorption in iron-deficient subjects is greater 
than in normal or iron-replete subjects (Forth,1974; Monsen,1974; 
White,1980). Wheby et al .(1970) indicated that iron-deficient rats 
absorbed up to 20 times more iron from hemoglobin than did 
iron-replete rats. Using wheat iron as the test substance in man, 
Hussian et al .(1965) found that wheat iron absorption in 
iron-deficient subjects was about 2 times more than in normal sub-
jects. Turnbull et al .(1962) also found that in man, hemoglobin iron 
was as well or better absorbed than ferrous salts in the normal sub-
jects but in the iron-depleted or iron-deficient subjects absorption 
of hemoglobin iron increased less than ferrous salts. Hallberg and 
Solvell (1967) showed that at a dose of 5 mg iron in iron deficient 
human subjects, the absorption of hemoglobin iron and ferrous sulfate 
iron were 11 and 27 per cent respectively. In both normal and anemic 
rats, Weintraub et al .(1965) reported that hemoglobin iron was very 
poorly utilized (2% and 3% absorption in normal and anemic rats, res-
pectively) when compared with ferrous sulfate (11% and 30% in normal 
and bled rats, respectively). Bannerman (1965) reported that at all 
dose levels in both iron-deficient and iron-supplemented rats, ferrous 
sulfate was better absorbed than rabbit hemoglobin iron. In 
iron-deficient rats the amount of ferrous iron absorbed was 2-3 times 
the amount of hemoglobin iron absorbed, (at a single dose of 200 mi-
crogram iron, the absorption of Fe59-tagged ferrous sulfate and 
8 
Fe59 -tagged hemoglobin were 81 and 32 % respectively. 
Conrad and Crosby (1963) and Conrad et al.(1964) investigated the 
iron content of the intestinal epithelium and its role in the regula-
tion of iron equilibrium in rats. They suggested that in rats, the 
ultimate regulator of iron absorption was the iron concentration in 
the epithelial cells of the upper intestine. In normal subjects, the 
mucosal cells contain moderate amounts of iron derived from both diet 
and body stores. This deposit regulates, within limits, the quantity 
of available intraluminal iron that enters the mucosal cells. 
Cellular iron may be transfered to the blood stream and retained in 
the body to satisfy body requirements, or may remain within the cell 
to limit mucosal iron uptake. Mucosal cell iron may be lost when the 
cells are sloughed from the tips of the intestinal villi at the end of 
their two-day life span. In iron-deficient subjects with decreased 
intestinal iron concentration, most of the ingested iron is absorbed 
directly into the blood stream with very little remaining in the muco-
sal cells. In iron-loaded subjects, the epithelial cells are loaded 
with iron and are not only unable to accept the ingested iron but also 
more iron is excreted when the cells are sloughed. 
Dietary iron, upon digestion, enters either a pool of heme iron 
or a pool of nonheme iron (Bjorn-Rasmussen et al.,1974). The heme 
iron pool is formed from hemoglobin and myoglobin. The intestinal ab-
sorption of heme iron is neither reduced by the simultaneous adminis-
tration of natural chelators in food, e.g. phytate (Hallberg and Sol-
vell ,1967; Turnbull et al.,1962) or desferrioxamine (Balcerzak et 
9 
al ,1966; Hwang and Brown,1963; 1965; Wheby et al.,1970) nor enhanced 
by ascorbic acid (Callender et al.,l957) or other reducing agents. 
The non-heme iron pool is formed from vegetable foods, eggs and iron 
salts. The absorption of non-heme iron is considerably more variable 
(Layrisse,l980; Layrisse et al .,1968; 1969; Lee and Clydesdale,1978). 
The absorption of these forms of iron is increased by acidity and by 
compounds which improve solubility by reduction of iron to the ferrous 
state or by the formation of loosely bound chelates. In contrast, the 
presence of compounds that can form insoluble or tightly bound soluble 
complexes reduce absorption of non-heme iron (Turnbull ,1974). 
Turnbull (1974) suggested that iron is split from non-heme com-
plexes by peptic digestion and set free into a pool of ionizable iron 
where it may be reduced, chelated, or rendered insoluble. The greater 
the proportion of this pool which remains soluble following neutrali-
zation in the small intestine, the more iron will be available for ab-
sorption. 
Heme iron is absorbed by a different mechanism from the non-heme 
form of food iron. Heme iron is absorbed into intestinal epithelial 
cells as a metalloporphyrin (Conrad et al.,l966a; 1966b; Wheby et 
al.,1970). Some investigators believe that heme is taken up by muco-
sal cells after it has been released from its globin combination by 
proteolytic duodenal enzymes, while others believe that the protein 
portion is removed largely within the mucosal epithelium (Weintraub et 
al.,l968). In either case, iron is liberated by a heme-splitting sub-
stance, presumably an intracellular enzyme, and is transferred to 
10 
plasma in a form that can be bound by transferrin. The rate at which 
iron splits from heme and is transported from the mucosa to the plasma 
determines the inhibitory feed back effect on heme splitting activity 
(Wheby et al .,1970). In iron-deficient mucosa, this transport step is 
rapid so that little inhibition develops. In iron-loaded mucosa, 
transport of iron to plasma is very slow so that significant inhibi-
tion develops to heme-splitting activity. Since less mucosal heme is 
split, the further entry of heme into mucosal cells is also inhibited 
(Weintraub et al .,1968). Brown et al .(1968) studied the absorption of 
radio-iron labeled hemoglobin by dogs and determined the hemin iron 
and transferrin-bound iron in portal venous blood. They found that 
only a small portion (10%) of the heme absorbed by mucosal cells is 
delivered to the portal blood as the heme complex. 
Effect of Meat on Iron Bioavailability 
In countries where meat is an important part of the diet, heme in 
the form of hemoglobin and myoglobin is a major source of food iron. 
The iron from meat is more available than iron from plant foods. This 
may be due to a special mechanism involving the uptake into, and pos-
sible transfer of intact heme across the intestinal mucosa (Hazell et 
al. ,1980-81; Jacobs,1973; Turnbull ,1974). Furthermore, many absorp-
tion studies in both man and animals have shown greater absorption of 
iron from oral doses of hemoglobin than similar doses of heme (Conrad 
et al. ,1966a; 1966b; Turnbull et al. ,1962). 
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Meat in the diet not only contributes highly available heme iron 
but also increases the absorption of other food iron. The enhancing 
effect of meat was first reported by Layrisse et al.in 1968. Layrisse 
et al.(1973) showed that in healthy human subjects, the absorption of 
fortification iron added to a vegetable food was very limited, reach-
ing 0.3 mg with an intake of 60 mg of fortification iron. In contra-
ry, a supplement of 5 mg iron eaten with veal muscle resulted in ab-
sorption of 0.85 mg iron. Veal muscle also increased the absorption 
of intrinsically labelled rabbit hemoglobin from 12 per cent to 22 per 
cent (Martinez-Torres and Layrisse,1971). Martinez-Torres and Lay-
risse (1970) found that fish or a mixture of amino acids similar to 
the amino acid composition of fish increased the iron absorption from 
black bean from 1.4 per cent to 2.7 and 3.1 per cent respectively in 
healthy human subjects. They also found that only cysteine proved to 
enhance iron absorption from black beans. 
To determine the mechanism of enhanced iron absorption by animal 
tissue protein, several investigators studied the effects of single 
amino acids on absorption and found that histidine, lysine and cys-
teine increased the absorption of ferric iron in isolated intestinal 
segments of rats (Van Campen,1972; Van Campen and Gross, 1969). In 
healthy children, valine and histidine supplementation promoted iron 
absorption. There was a slight but significant effect on absorption 
of iron from maize when a mixture of amino acids, which corresponded 
to meat, was given to human subjects (Bjorn-Rasmussen and 
Hallberg,1979) but the effect was less than with meat. 
12 
The enhancing effect of meat on iron absorption may be due to a 
component not related to the protein content (Hallberg and 
Bjorn-Rasmussen,1972). Absorption studies with rats showed that iron 
in a digested muscle dialysate is more readily absorbed than that from 
an aqueous muscle extract. Upon in vitro digestion of meat, Hazell et 
al .(1978) found two groups of iron compounds were formed, a group of 
hematin complexes with molecular weights between 10,000 and 20,000 and 
a group of low molecular weight iron containing compounds possessing 
no hematin character. These low molecular weight iron compounds were 
found to be very well absorbed. Therefore they suggested that the de-
gradation products of the hemoprotein formed during digestion might be 
responsible for the high availability of meat iron. Bjorn-Rasmussen 
and Hallberg (1979) found that a water extract of beef had no measur-
able effect on iron absorption. 
Assessment of Dietary Iron Bioavailability 
The determination of iron availability with human subjects is 
difficult. The most effective method is done by using an isotopically 
labelled iron source (Hussian et al .,1965) which, together with other 
problems inherent in working with human subjects, limits the general 
applicability of this procedure. 
The animal hemoglobin repletion test for measuring bioavailabili-
ty of iron has been adopted by the AOAC in 1970 (AOAC, 1970). In most 
assays, the anemic rat has been the animal of choice, because its iron 
13 
stores have been depleted, and the results are more uniform 
{Bing,1972). For the AOAC procedure, reference standard ferrous sul-
fate and test diets containing three or more levels of iron are fed to 
iron-deficient rats. Then the relative biological value {RBV) of iron 
in the ·test source is obtained by measuring the hemoglobin or hemato-
crit repletion in the rat•s blood. {Relative biological value is the 
bioavailability expressed as a percent of a ferrous sulfate control) 
{Lee and Clydesdale,1980). 
Ranhotra et al .{1971) determined iron bioavailability from bread 
fortified with several different commercial enrichment preparations by 
calculating total gain in hemoglobin per unit of iron intake. 
Similarly, Mahoney et al .{1974) determined hemoglobin iron gain per 
gram of iron intake for evaluation of iron bioavailability from va-
rious foods. Bing {1972) suggested that this hemoglobin repletion 
assay could provide reliable data, when properly done, because most of 
the iron retained under ordinary conditions was used to form hemoglo-
bin. Miller {1982) also showed that this method allowed good reprodu-
cibility among experiments conducted at different times. 
An efficiency of conversion of food iron into hemoglobin {Hb) can 
be computed as follows by assuming that the blood volume of the rat is 
6.7 per cent of body weight {BW) and that there is 3.35 mg Fe/g hemo-
globin {Bing,1972; Mahoney et al .,1980). Therefore, 
mg Hb Fe = BW x .067 ml blood/g BW x g Hb/100 ml x 3.35 mg Fe/g Hb 
Efficiency = Final mg Hb Fe - Initial mg Hb Fe x 100 
mg Fe consumed 
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This is computed for individual rats in each experimental treatment. 
Therefore, in these experiments iron bioavailability of heat 
treated meat-hemoglobin or meat-ferrous sulfate mixtures was deter-
mined by using efficiency of conversion of dietary iron into blood 
hemoglobin in anemic rat as a parameter. 
CHAPTER III 
PROCEDURE 
Experiment I 
Effect of Heat Treatment on Meat and Ferrous sulfate 
Iron Bioavailability for the Anemic Rat 
Meat Preparation 
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Beef round was ground and total iron content was measured by 
atomic absorption spectrophotometry (Appendix A). The meat was lyo-
philized, and the per cent of dry matter was determined. The protein 
and fat were determined by proximate analysis (Appendices B and C, 
respectively). The phosphorus was determined by the vanado-molybdate 
colorimetric method (Appendix D). The composition of beef round is 
shown in table 1. 
Ferrous sulfate was added to the meat to obtain the following ra-
tios (on a dry basis) of meat iron to iron from ferrous sulfate. 
formula 
% iron from beef round 
% iron from ferrous sulfate 
#1 
100 
0 
#2 
75 
25 
#3 
50 
50 
#4 
25 
75 
#5 
0 
100 
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Table 1. Composition of beef round. 
experiment 1 experiment 2 
fresh lyophilized fresh lyophilized 
-----------~--------~----------~-~-----------------------~-----------
Total iron (mg/lOOg) 3.08 10.0 2.64 11.2 
Protein (%) 75.0 86.8 
Fat (%) 20.2 5.8 
Moisture (%) 70.1 76.4 
Phosphate (mg/g) 3.72 4.15 
---------------------------------~~--~------------------ ---- --------
The fresh, ground meat and ferrous sulfate in each formula were mixed 
thoroughly and then divided into two parts. The first portion of each 
formula was autoclaved (121 C 15 psi) for 90 min. Both the raw and 
autoclaved meat mixtures of each formula were lyophilized , ground by 
mortar and pestle and kept at -20 C under vacuum in sealed plastic 
bags until mixed into experimental diets. These lyophilized, ground 
meat formulae were analyzed for total iron content (Appendix A), for 
protein (Appendix B), for crude fat (Appendix C) and for phosphorus 
(Appendix 0). The dried meats were then formulated into experimental 
diets to give a total iron content of about 35 microgram per gram diet 
as shown in table 2. The diets were balanced for protein by using ca-
sein, for fat by using rendered kidney fat and for phosphate by using 
sodium dihydrogen phosphate. 
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Table 2 Composition of diets containing varying proportions of iron 
from meat and ferrous sulfate. (experiment 1) 
Iron sources (100 % = 3.5 mg Fe/100 g diet) 
seef -ioo _______ 75 ______ 5o ______ 25 _______ o ____ s~;~;t-
Ingredient Feso4 o 25 so 75 100 diet 
Meat (lyophilized)a 35.0 26.3 17.5 8.8 
FeS04.7H20 (mg/100 g) 0 4.4 8.8 13.1 17.5 
Vitamin free caseinb 0 7.10 14.2 21.3 28.4 
Rendered kidney fatb 0 1.78 3.55 5.30 7.1 
White alpha cellulose 5.0 5.0 5.0 5.0 5.0 
NaH2Po4 2.0 2.1 2.2 2.4 2.5 
Caco3 1.5 1.5 1.5 1.5 1.5 
Mineral mixturec 1.2 1.2 1.2 1.2 1.2 
Vitamin mixtured 2.0 2.0 2.0 2.0 2.0 
Dextrose 53.3 53.1 52.8 52.6 52.3 
Iron content in diets (mg/100 g)e 
raw meat diet 4.05 3.66 
autoclaved meat diet 3.81 3.63 
3.65 
3.36 
3.47 
3.62 
3.52 
28.4 
7.1 
5.0 
2.5 
1.5 
1.2 
2.0 
52.3 
1.28 
a Raw meat and FeSO .7H2o were mixed thoroughly before being lyophilized or au~oclaved and lyophilized. The raw, lyophilized 
meat mixture and the autoclaved, lyophilized meat mixture were then 
b formulated into the diet to provide 3.5 mg Fe/100 g diet. 
As ferrous sulfate levels increase and meat decrease in the diets, 
casein, rendered kidney fat and NaH PO were supplemented at a 
level to provide the same quantitie§ ot protein, fat and phosphorus 
c as provided by the 100% meat diet (see Table 1). 
d Appendix E. 
~ ~~~~~~!~ ~~lue. 
Same composition as the diet containing 100% iron from ferrous 
sulfate, but no ferrous sulfate was added. 
18 
Diet Preparation 
The diets (formulae shown in table 2) were individually mixed for 
1.5 kg batches in a Twin Shell Dry Blender ( Patterson-Kelly Co., East 
Stroudsbury, Pa). Each diet was then analyzed for total iron content 
(Appendix A), heme iron content (Appendix G) and soluble iron content 
(Appendix H). 
Repletion Studies 
The animal experiment was conducted in two replicates of 5 rats 
each which were done about one week apart. This gave 10 animals per 
each experimental diet. 
Weanling male Sprague-Dawley rats (Simonsen Laboratories, Gilroy, 
CA) were used to study iron bioavailability by the regeneration effi-
ciency method (Farmer et al.,l977; Mahoney and Hendricks,l976; 1982) 
The animals were housed individually in stainless steel metabolic 
cages and were provided with deionized water and diet ad libitum. 
They were maintained in a temperature controlled environment with a 12 
hour light-dark cycle. They were made anemic by feeding the low iron 
diet (basal diet, formula shown in table 2) for 7 days, and by remov-
ing approximately 0.7 ml blood twice, on the second and forth day, 
from the retro-ocular capillary bed using a heparinized capillary 
tube. On day eight, body weight, hematocrit and hemoglobin concentra-
tion were determined for each rat. Hemoglobin concentration was mea-
sured in duplicate samples of fresh blood using the cyanmethemoglobin 
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method of Crosby et al.(1954) (Appendix I). Hematocrit was determined 
by centrifugation in an IEC MB Microhematocrit Centrifuge (DAMOM/IEC 
Division, International Equipment Co., Needham Heights, Mass.). 
These animals were then assigned to 11 groups of 5 animals each 
so that mean hemoglobin concentration and mean body weight were simi-
lar among groups. About 10 grams of the experimental diets were fed 
daily to each rat for 10 days. One group of the animals was selected 
as the low iron control which was continued on the basal diet 
throughout the repletion period. The total amounts of the diets con-
sumed by each rat was determined by weighing diet given, refused and 
spilled. 
On day ten of the repletion period, body weight, hematocrit and 
hemoglobin concentrations were again determined. The rats were then 
sacrificed by decapitation and their livers · were removed, weighed, 
ashed and analyzed for iron content by atomic absorption spectrophoto-
metry (Boline and Schrenk, 1977; Clegg et al ., 1981). 
The amount of iron gained as hemoglobin was calculated assuming 
that 6.7% of body weight reflects blood volume and that the iron con-
centration of hemoglobin is 3.35 mg/g (Greenberg et al.,1957; Mahoney 
et al.,l980). Therefore, the efficiency of the conversion of food 
iron into hemoglobin was computed for each animal from initial and 
final body weights and hemoglobin concentrations, the amount of food 
consumed, and the iron content in the food by the following formula: 
mg Hb Fe = B.W.x 6.7ml blood/100g B.W.x g Hb/100ml x 3.35 mg Fe/g Hb 
efficiency = Final mg Hb Fe - Initial mg Hb Fe x 100 
mg Fe consumed 
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Apparent iron absorption was determined by fecal analysis. All 
feces from each rat were collected for the last 7 days of the reple-
tion period. The collected feces were ashed and analyzed for total 
iron content by atomic absorption spectrophotometry. Apparent iron 
absorption was then calculated by the following formula: 
% apparent absorption = ingested food iron - iron in feces x 100 1ngested 1ron 
Analytical 
Meats, diets, livers and feces were ashed at 500-510 C for 24 
hours. A few drops of ritric acid was added to the ash residue, and 
the sample was reashed for 3 hours. Each resulting ash was solubi-
lized with 10 ml 6 N HCl, warmed, and then diluted appropriately with 
distilled water. These were then analyzed for iron as described in 
Appendix A by using a N02/acetylene flame atomic absorption spectro-
photometer (Instrumentation Lab. Model 457, Wilmington, MA) at 248.3 
nm (Boline and Schrenk, 1977; Clegg et al., 1981). 
Heme iron content in meat and diets were determined by extracting 
the heme pigments in the sample with acid acetone and then measuring 
the optical density at 640 nm (Appendix G; Hornsey ,1956). 
In vitro digestion to determine the amount of soluble iron in the 
diets (Appendix H) was done by incubating the dietary sample in 15 ml 
of 0.1 N HCl containing 1.5 mg pepsin for 3 hours at 37 C, on a shaker 
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platform (Lab line, Melrose Park, Il) at setting 100. The mixture was 
then neutralized with 0.5 N NaOH and then 7.5 ml 0.2 M borate buffer 
(pH 8.0) containing 4 mg pancreatin and 0.05 M Sodium azide was added. 
The mixture was shaken at 37 C for another 24 hours. The mixture was 
centrifuged at 20,000 g for 5 min. The solid was washed 3 times by 
resuspension of the pellet in 10 ml deionized water, followed by re-
centrifugation. The supernatant and washings were combined and ad-
justed to 100 ml. Iron content in the solution was determined by 
atomic absorption spectrophotometry (Nelson and Potter, 1980; Lee and 
Clydesdale, 1979). 
Hemoglobin concentrations were measured in duplicate samples of 
fresh blood using the cyanmethemoglobin method of Crosby et al.(l954), 
as described in Appendix I. 
The heme and soluble iron content of lyophilized meats and diets 
were analyzed statistically by analysis of variance and the data from 
animal responses were analyzed statistically by factorial analysis of 
variance (Cochran and Cox, 1957). Means were compared by the least 
significant difference (LSO) test (Ostle and Mensing, 1975). 
Experiment II 
Effect of Heat Treatment on Meat and Hemoglobin Iron 
Bioavailability for the Anemic Rat 
Meat Preparation 
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Beef round (composition shown in table 1) was ground and analyzed 
for total iron content and percent dry matter as described previously. 
Then bovine hemoglobin (HB) substrate powder Type II (Sigma Chemical 
Company, St.Louis, Mo) was mixed with the meat to give a ratio (on a 
dry basis) of iron from meat to iron from HB as follows: 
% of iron from meat 
% of iron from hemoglobin 
Experiment 
#1 
100 
0 
#2 
75 
25 
formula 
#3 
50 
50 
#4 
25 
75 
#5 
0 
100 
The analytical and repletion experiment in anemic rat were con-
ducted as described in experiment 1. The composition of diets is 
shown in table 3. The ferrous sulfate diet was also included in this 
experiment as a control group. 
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Table 3 Composition of diets containing varying proportions of iron 
from meat and hemoglobin. (Experiment 2). 
Iron sources (100 % = 3.5 mg Fe/100 g diet) 
BE~F 100 
Hb 0 
75 
25 
50 
50 
25 
75 
0 BASALg FeSO 
100 DIET DIET4 Ingredients 
Meat (lyophilized)a 31.3 23.5 15.7 7.8 
Hemoglobinb 0 0.27 0.54 0.82 
FeS04.7H2o (mg/100g) 0 
Vitamin free caseinc 0 
0 0 0 
7.3 14.7 22.1 
Rendered kidney fate 5.2 5.7 
White alpha-cellulose 5.0 5.0 
c NaH2Po4 
CaC03 
Mineral mixtured 
Vitamin mixturee 
2.0 2.1 
1.5 1.5 
1.2 1.2 
2.0 2.0 
6.1 
5.0 
2.3 
1.5 
1.2 
2.0 
6.6 
5.0 
2.4 
1.5 
1.2 
2.0 
0 0 
1.09 0 
0 0 
29.4 29.4 
7.0 
5.0 
2.5 
1.5 
1.2 
2.0 
7.0 
5.0 
2.5 
1.5 
1.2 
2.0 
0 
0 
17.5 
29.4 
7.0 
5.0 
2.5 
1.5 
1.2 
2.0 
Dextrose 51.9 52.4 50.9 50.7 50.3 51.4 51.4 
Iron content in diet (mg/100g)f 
raw meat diet 3.22 3.84 3.91 3.98 3.68 0.51 3.95 
autoclaved diet 3.37 3.41 3.59 3.29 3.60 
a Raw meat and hemoglobin were mixed thoroughly before being 
lyophilized or autoclaved and lyophilized. The raw, lyophilized 
meat mixture and the autoclaved, lyophilized meat mixture were then 
b formulated into the diet to provide 3.5 mg Fe/100g diet. 
Hemoglobin (bovine) substrate powder type II, Sigma Chemical Co., 
St. Louis, Mo. 
cAs hemoglobin levels increase and meat decrease in the diet, casein, 
rendered kidney fat and NaH2Po4 were supplemented to provide the 
same quantities of protein, fat and phosphorus as provided by 
d 100% meat diet (see Table 1). 
Appendix E. 
~Appendix F. 
Analyzed value. 
g Same composition as the diet containing 100% iron from ferrous 
sulfate, but no ferrous sulfate was added. 
Experiment III 
Effect of Heat Processing on Meat Iron Bioavailability 
in the Anemic Rat 
Meat Preparation 
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Fifteen hundred gram portions of ground beef round (same as in 
experiment 2) were boiled for 5, 30, or 90 min. Intact 1,500 g por-
tions from the same round were baked to an internal temperature of 60, 
70 or 80 C (rare, medium rare or well done, respectively). 
Experiment 
The analytical and repletion experiment in anemic rat were con-
ducted as described in experiment 1. The composition of the diets was 
as shown in table 3 for diets providing 100% of the iron from meat. 
This experiment was done concurrent with experiment 2. 
CHAPTER IV 
RESULTS 
Iron Content in Meat and Diets 
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The total and heme iron content of lyophilized meat and diets 
from experiment 1 are presented in table 4. Fifty to ninety percent 
of the iron in ground beef was found to exist as heme iron. In this 
experiment, heat treatment (autoclaving) reduced the amount of heme 
iron in lyophilized meat from 11.1 to 5.7 mg/100 g meat (Table 4). 
The amount of soluble iron in diets increased as ferrous sulfate in 
the formula increased. Autoclaving decreased the soluble iron content 
in the diets. 
The iron content of lyophilized meat and diets from experiment 2 
is shown in table 5. Heat treatment (autoclaving) decreased the heme 
iron content and soluble iron in meat and meat mixed with hemoglobin. 
Heme iron content of the diets were significantly affected by baking 
or boiling the meat (Table 6). 
Animal Responses 
Hematological and iron absorption data of five rats per diet re-
plicated twice in experiments 1, 2, and 3 are listed in Appendices J, 
Table 4 Iron content of lyophilized meat and diets containing varying amounts of iron from 
meat and ferrous sulfate. 
Iron content (mg/100g) 
raw autoclaveda 
% iron from: meat 100 
Feso4 0 
In lyophilized meat 
75 
25 
total iron b 12.4 15.7 
heme iron 11.1 11.6 
In diet 
total iron 4.05 3.66 
heme iron 2.75 1.77 
soluble iron 1.84 3.04 
50 
50 
22.1 
11.3 
3.65 
1.13 
3.24 
25 
75 
46.6 
11.6 
3.47 
0.80 
3.40 
100 
0 
12.3 
5.7 
3.81 
1.10 
0.99 
~ Autoclaved 90 min at 121 C in glass canning jars. 
c Each value represents a mean of 2 observations. 
Not significantly different by F-test. 
75 
25 
15.8 
5.6 
3.63 
0.84 
2.29 
50 
50 
19.7 
5.6 
3.36 
0.68 
2.89 
25 
75 
45.2 
4.6 
3.62 
0.32 
2.90 
MSE F LSD 
(df7,8) .05/.01 
** 0.970 409.68** 2.2/3.2 
0.151 139.25 0.9/1.3 
0.042 2.07 NSc 
0.009 1.349** NS 
0.045 29.688 0.5/0.7 
N 
m 
Table 5 Iron content in lyophilized meat and diets containing varying amounts of iron from meat 
and hemoglobin. 
Iron content (mg/100g) 
raw autoclaveda 
% iron from: megt 100 75 . 50 
25 50 
25 0 
75 100 
100 
0 
75 
25 
50 
50 
25 0 
75 100 
MSE F LSD 
Hb 0 (df9,10) .05/.01 
In lyophilized meat 
total iron 11.2c 14.2 20.7 40.9 322.0 ** 11.9 16.1 23.1 43.9 320.0 2.023 15761.98** 3.2/4.5 
2.5 4.8 6.4 6.8 193.9 59.979 390.71 17.3/24.5 heme iron 6.5 10.5 16.3 34.7 319.9 
In diet 
total iron 
heme iron 
soluble iron 
3.22 3.84 3.91 3.98 
1.40 2.37 2.38 2.43 
0.92 1.52 1.83 1.92 
3.68 
2.11 
2.03 
3.37 3.41 3.59 3.29 
0.40 0.68 0.58 0.50 
0.82 1.32 1.50 1.82 
~ Autoclaved 90 min at 121 C in glass canning jars. 
c Hemoglobin (bovine) substrate type II, Sigma Chemical Co., St. Loujs ~ Mo , 
Each value represents a mean of 2 observations. 
3.60 0.023 
1.46 0.022 
2.15 0.41 
** 6.45** 0.4/0.5 
65.10**0.33/0.47 
10.15 0.45/0.64 
N 
'-J 
Table 6. Iron content in lyophilized meat and diets containing either boiled or baked meat. 
Iron sources 
In lyophilized meat 
total iron 
heme iron 
In diet 
total iron 
heme iron 
soluble iron 
raw 
meat 
11.2 
6.50 
3.22 
1.40 
0.92 
Iron content (mg/100 g) 
baked meat boiled meat 
-------------------- ---------------------- MSE F 
rare medium done 5 min 30 min 90 min (df6,7) 
12.7a * 12.3 12.4 12.3 13.0 12.7 0.113 6.63** 
7.08 5.83 5.43 6.52 5.64 4.85 0.072 16.15 
3.61 3.64 3.67 3.34 3.14 3.53 0.042 2.08** 
1.92 1.55 1.41 1.58 1.34 1.10 0.003 40.87 
0.46 0.49 0.57 0.99 0.47 0.52 0.065 0.78 
~Each value represents a mean of 2 observations. 
Not significantly different. 
LSD 
.05/.01 
0.5/1.0 
0.8/1.1 
NSb 
0.13/0.19 
NS 
N 
co 
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tables 11-13, respectively. The analysis of variance for parameters 
in these experiments are shown in appendix K. These results will be 
summarized in the following sections. 
Experiment 1: Effect of Heat Treatment 
on Meat and Ferrous sulfate Iron 
Bioavailability in the Anemic Rats 
The average values of ten rats per treatment for calculation of 
iron bioavailability of raw or autoclaved meat are presented in table 
7. There were no significant differences (p~.05} in body weight, he-
moglobin concentration and percent hematocrit of rats among different 
diets at the beginning of the experiment. After 10 days of feeding 
the mean body weights of the rats among treatments were not signi-
ficantly different (p~.05} but significant differences (p~.05} were 
observed in body weight gain (Appendix K, table 14}. Sources of va-
riation that affected gain in body weight of rats were dietary heat 
treatment (raw vs autoclaved} and time of doing the animal experiment, 
i.e., the replicates were different. The mean body weight gain of 
rats fed diets containing raw meat was higher than the groups fed the 
autoclaved meat diet (51 g and 47 g respectively, calculated from Ap-
pendix J, table 11). For replicates 1 and 2 of the experiment, the 
average body weight gains (pooled for raw and autoclaved dietary 
treatments) were 47 g and 59 g, respectively (calculated from Appendix 
J, table 11}. 
~ Each value in the table is the mean of 10 rats determined in 2 replicates of 5 animals each. 
Autoclaved 90 min at 121 C in glass canning jars. 
c Mean differences must exceed the values indicated to be significantly different at the 5 or 
d 1 % levels of probability. 
Not significantly different by F-test. 
e Efficiency of conversion of dietary iron into blood hemoglobin iron in anemic rats. 
Table 7. Percent apparent iron absorption, effici·ency of conversion of dietary iron to hemoglobin iron 
(iron bioavailability), and parameters for calculation of iron bioavailability of diets 
containing varying amounts of raw or autoclaved meat and ferrous sulfate, then fed to 
anemic rats for 10 daysa. 
Iron sources in diets (100% = 3.5 mg/100 g giet) 
raw autoclaved 
----------------------------------- -------------------------
% of dietary iron from meat 100 75 50 25 0 100 75 50 25 LSDc 
% of dietary iron from Feso4 0 25 50 75 100 0 25 50 75 .05/.01 
---------------------------------------------------------------------------------------------------------
Body weight 
NSd Initial, g 78 79 78 79 79 78 77 79 79 
Final, g 130 130 126 130 130 129 120 127 126 NS 
Gain,g 51 51 48 51 51 51 43 48 47 6/7 
Hemoglobin cone. 
· Initial ,g/dl 5.86 5.82 5.88 5.93 5.88 5.91 5.93 5.92 5.89 NS 
Final ,g/dl 9.33 10.49 11.97 12.77 13.36 8.45 10.73 11.93 12.65 0.99/1.33 
Gain,g/dl 3.47 4.67 6.09 6.84 7.48 2.54 4.80 6.01 6.76 0.94/1.27 
Hematocrit 
Initial, % 24.7 24.4 24.0 24.7 24.3 24.2 24.5 23.8 24.9 NS 
Final,% 36.4 39.7 43.3 43.6 44.6 34.6 41.0 43.0 46.2 2.9/3.9 
· Gain, % 11.7 15.3 19.3 18.9 20.3 10.4 16.5 19.2 21.3 3.0/4.1 
Diet intake.g 110 115 110 120 116 108 105 115 116 6/8 
Liver weight,g 3.77 4.09 3.90 4.39 5.20 4.03 3.79 4.22 4.43 0.44/0.59 
Liver iron,ug 135 160 161 198 247 135 109 166 189 39/53 
Liver iron,ug/g liver 35.9 35.2 34.0 46.9 48.0 33.5 28.8 38.7 41.3 7.1/9.5 
Efficiency,%e 37.1 49.0 58.5 64.6 70.2 34.4 48.7 61.2 62.9 6.8/9.2 
Apparent absorption,% 57.7 67.8 69.3 76.5 70.1 63.6 73.2 73.8 75.2 9.0/12.0 
----------------------------------------------------------------------------------------------------------
w 
__. 
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The analyses of variance for body weight gain and hematinic res-
ponses of the rats are shown in Appendix K, tables 15-18. Body weight 
gain (Appendix K, table 14) was not significantly affected by the die-
tary iron source (ferrous sulfate or meat). Final hemoglobin concen-
tration (Appendix K, table 15), gain in hemoglobin concentration (Ap-
pendix K, table 16), final hematocrit (Appendix K, table 17) and gain 
in hematocrit (Appendix K, table 18) were all significantly (p~.01) 
affected due to the dietary iron source (ferrous sulfate or meat). 
Heat treatment (autoclaving) had no significant affect (p~.01) on the 
hematinic responses (final hemoglobin concentration, gain in hemoglo-
bin concentration, final hematocrit, gain in hematocrit, table 7; Ap-
pendix K, tables 15-18, respectively). Body weight gain was signifi-
cantly lower in rats fed diets containing autoclaved meat and hemoglo-
bin than those fed diets containing raw product (table 7; Appendix K, 
table 14). In this experiment, it was found that cooking did not sig-
nificantly affect (p~.05) the hematinic responses of rats. Therefore, 
the data from raw and autoclaved meat diets containing the same ratio 
of iron from meat and ferrous sulfate were combined, and the combined 
data is shown in table 8. The gain in hemoglobin concentration and 
percent hematocrit were found to increase as the percent of iron from 
ferrous sulfate in the diets increased (table 8). 
The analyses of variance for liver weight, total liver iron and 
liver iron concentration are shown in Appendix K, tables 19-21. The 
dietary iron source {ferrous sulfate or meat) and replication both 
caused a highly significant difference (p~.01) in rat liver weight 
Table 8. Percent apparent absorption, efficiency of conversion of dietary iron to hemoglobin 
(iron bioavailability), and parameters for calculation of iron bioavailability of 
diets containing varying amounts of meat and ferrous sulfate, then fed to anemic 
rats for 10 daysa. 
%of dietary iron from meat 
% of dietary iron fran Feso4 
Hemoglobin concentration 
final (g/dl) 
gain ( g/ dl ) 
Hematocrit 
final 
gain 
Liver 
weight (g) 
tot a 1 1 i ver iron ( ug) 
ug iron/g liver 
Diet intake (g) 
Efficiency,%c 
Apparent absorption,% 
Iron sources in diets (100% = 3.5 mg Fe/100 g diet) 
lOO--------lS ________ S0--------2s---------O---- LSDb 
0 25 50 75 100 .05/.01 
8.89 
3.01 
35.5 
11.1 
3.90 
135 
34.7 
109 
35.7 
60.6 
10.61 
4.74 
40.4 
15.9 
3.94 
134 
32.0 
110 
48.8 
70.5 
11.95 
6.05 
43.2 
19.3 
4.06 
164 
36.3 
113 
59.9 
71.6 
12.71 
6.80 
44.9 
20.1 
4.41 
194 
44.1 
118 
63.8 
75.8 
13.36 
7.48 
44.6 
20.3 
5.20 
247 
48.0 
116 
70.2 
70.1 
.70/.94 
.67/.90 
2.1/2.8 
2.2/2.9 
0.31/0.42 
28/37 
5.01/6.72 
4.1/5.5 
6.8/9.2 
9.0/12.0 
a Pooled average of raw and autoclaved diets. Because cooking did not significantly 
b (p<.OS) affect these variables, the results were combined and analyzed again. 
Mean differences must exceed the values indicated to be significantly different at the 
5 or 1 % levels of probability. 
c Efficiency of converting dietary iron into hemoglobin iron by anemic rats. 
w 
w 
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(Appendix K, table 19). As the percent of dietary iron from ferrous 
sulfate increased, the liver weight also increased (table 8). 
Replication also affected liver weight. The average rat liver weight 
(pooled for raw and autoclaved meat diets) was 3.8 and 4.3 gin repli-
cates 1 and 2, respectively (calculated from Appendix J, table 11). 
Total liver iron content was affected by dietary iron source 
(meat or ferrous sulfate), replicate, replicate-source interaction and 
replicate-method interaction (Appendix K, table 20). The total liver 
iron content was 135 and 247 microgram iron/liver in rats fed 100% 
meat vs 100% ferrous sulfate as the iron source, respectively (table 
8). The pooled total liver iron content was 123 and 190 micrograms 
iron/liver in rats from replicates 1 and 2, respectively (calculated 
from Appendix J, table 11). The micrograms of iron/g liver was higher 
(48.0 and 34.7) for rats fed 100% ferrous sulfate, compared to 100% 
meat as a dietary iron source, respectively (table 8). 
The dietary intake was significantly different (p~.Ol) due to the 
dietary iron source (ferrous sulfate or meat), replicate, and 
source-method interaction (Appendix K, table 22), although the abso-
lute differences were small. The average dietary intake was 109 and 
116 g di~t per 10 days trial for rats fed 100% meat or 100% ferrous 
sulfate as the iron source, respectively (table 8). 
Both the efficiency of conversion of food iron into hemoglobin 
(iron bioavailability) and the apparent absorption of food iron were 
significantly affected by dietary iron source (Appendix K, tables 
23-24). The iron from the 100% ferrous sulfate diet was more effi-
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ciently converted into hemoglobin than was iron from other dietary 
sources (table 8). As the ratio of dietary iron from ferrous sulfate 
increased, the regeneration efficiency was found to increase for rats 
fed diets containing raw or autoclaved product. The linear regression 
equations and corresponding correlation coefficients relating regener-
ation efficiency to ratio of dietary iron from ferrous sulfate are as 
follows for diets containing raw and autoclaved meat, respectively 
(Raw, y = 39.5 + 0.327x , r2 = 0.97 ; Autoclaved, y = 37.1 + 0.392x , 
r2 = 0.92). Autoclaving did not alter the iron bioavailability of the 
diets in this experiment (Appendix K, table 23). 
Experiment 2: Effect of Heat Treatment 
on Meat and Hemoglobin Iron 
Bioavailability in the Anemic Rats 
The apparent absorption values, regeneration efficiency values, 
and parameters for calculation of efficiency are shown in table 9 for 
rats fed diets containing varying amounts of raw or autoclaved meat 
and hemoglobin. The body weight, hemoglobin concentration and percent 
hematocrit among each group were statistically similar (p~.05) at the 
beginning of the experiment (table 9). The final mean body weights 
were not significantly different (p~.05) among the dietary treatments 
(table 9). Body weight gain, hematinic responses, liver weight, total 
liver iron, and liver iron concentration were significantly higher 
(p~.01) in rats fed the 100% ferrous sulfate diet than those fed meat 
and hemoglobin diets (tables 9, Appendix K, tables 25-32, respective-
~ Each value in the table is the mean of 10 rats determined in 2 replicates of 5 animals each. 
Autoclaved 90 min at 121 C in glass canning jars. 
~Hemoglobin (bovine) substrate powder type !!,Sigma Chemical Co., St. Louis, Mo. 
Mean differences must exceed the values indicated to be significantly different at the 5 or 
1 % levels of probability. 
~ Not significantly different by F-test. 
Efficiency of conversion of dietary iron into hemoglobin iron in anemic rats. 
Table 9. Percent apparent absorption, efficiency of conversion of dietary iron to hemoglobin iron 
(iron bioavailability), and parameters for calculation of iron bioavailability of diets containing 
varying amounts of raw or autoclaved meat and hemoglobin, then fed to anemic rats for 10 daysa. 
Iron sources in diets (100% = 3.5 mg/100 g di5t) 
raw autocl aved 
% of dietary iron: --------------------------------- --------------------------------
from meat 100 75 50 25 0 100 75 50 25 0 
from Hbc 0 25 50 75 100 0 25 50 75 100 
Body weight 
Initial, g 
Final , g 
Gain, g 
Hemoglobin cone. 
Initial ,g/dl 
Final ,g/dl 
Gain,g/dl 
Hematocrit 
Initial, % 
Final,% 
Gain, % 
Diet intake,g 
Liver weight,g 
Liver iron,ug 
Liver iron, 
ug/g liver 
Efficiency,%f 
Apparent 
absorption,% 
72 
128 
56 
5.93 
7.35 
1.42 
23.0 
31.4 
8.4 
107 
4.25 
137 
31.9 
33.4 
54.0 
77 
130 
53 
6.08 
8.32 
2.24 
24.4 
_34.9 
10.5 
113 
4.30 
165 
38.6 
32.0 
43.7 
72 
123 
51 
5.80 
7.46 
1.66 
21.8 
32.2 
10.4 
99 
4.05 
145 
35.5 
28.7 
50.6 
73 
121 
48 
6.01 
7.44 
1.43 
23.3 
31.0 
7.7 
95 
4.67 
151 
32.4 
27.0 
53.6 
72 
110 
38 
5.87 
6.79 
0.92 
22.2 
29.3 
7.1 
87 
4.10 
126 
30.4 
22.8 
55.2 
72 
124 
52 
5.87 
7.86 
1.99 
21.9 
32.0 
10.1 
99 
4.37 
138 
31.7 
37.5 
53.1 
73 73 
117 126 
44 53 
5.89 5.90 
7.90 7.34 
2.01 1.44 
23.3 22.2 
32.9 30.7 
9.6 8.5 
93 104 
4.08 4.47 
130 152 
32.0 33.9 
34.4 29.9 
53.9 46.4 
72 
114 
42 
5.98 
7.07 
1.09 
23.1 
29.7 
6.6 
95 
4.43 
149 
33.5 
27.1 
40.1 
72 
116 
44 
5.93 
7.50 
1.57 
21.2 
32.9 
11.7 
92 
4.48 
153 
34.1 
29.8 
58.7 
Feso4 LSDd diet .05/.01 
74 NSe 
120 NS 
46 7/9 
5.90 NS 
12.17 1.00/1.33 
6.27 0.63/0.84 
23.3 NS 
45.3 3.2/4.2 
22.0 3.7/4.9 
96 12/15 
4.75 0.43/0.57 
222 33/44 
46.8 6.2/8.3 
60.5 4.3/5.7 
87.7 6.8/9.1 
w 
.......... 
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ly). Rats fed diets containing high proportions of iron from hemoglo-
bin exhibited low body weight gain and low hemoglobin concentration 
gain, compared with those fed diets containing high proportions of 
meat or ferrous sulfate (table 9). Dietary source significantly af-
fected the dietary intake (Appendix K, table 33). The quantity of 
diet consumed decreased as the proportion of dietary hemoglobin in-
creased in unheated diets (table 9). However, no such differences 
were observed by rats fed diets containing autoclaved product (table 
9). 
Rats fed the ferrous sulfate diet had higher (p~.Ol) efficiency 
of conversion of food iron into hemoglobin, and higher apparent ab-
sorption of food iron than rats fed the diets containing meat and he-
moglobin (Appendix K, tables 34-35). Lowering the percentage of die-
tary iron from meat and increasing the percentage of dietary iron from 
hemoglobin resulted in a decreased efficiency of converting food iron 
into hemoglobin by anemic rats (table 9). The linear regression equa-
tions and corresponding correlation coefficients relating regeneration 
efficiency to ratio of dietary iron from hemoglobin are as follows for 
diets containing raw and autoclaved meat, respectively ( Raw, y = 34.0 
- 0.105x , r2 = 0.97 ; Autoclaved, y = 36.3- 0.09lx r2 = 0.75). 
Significantly higher efficiency values were also observed in rats fed 
autoclaved mixtures of meat and hemoglobin than those fed raw products 
(table 9; Appendix K, table 34). The average percentage efficiency 
increased from 28.8 to 31.7 for rats fed raw vs autoclaved diets, res-
pectively (means computed from table 9). 
Experiment 3: Effect of Heat Processing 
on Meat Iron Bioavailability 
in Anemic Rats 
39 
Hematinic responses, liver iron, regeneration efficiency, and ap-
parent iron absorption were all significantly (p~.05} lower than the 
control rats fed diet with ferrous sulfate as the iron source (table 
10; Appendix K, tables 36-43). The hematinic responses of rats fed 
diets containing cooked or raw meat were lower (p~.01} than rats fed 
the ferrous sulfate diets (table 10). Although the rats fed boiled 
meat diets had significantly (p~.05) lower hemoglobin concentrations 
and hematocrits at the end of the experiment than the other groups, 
the efficiencies of converting dietary iron into hemoglobin were simi-
lar for diets containing raw or cooked meats (table 10}. Thus, cook-
ery method had no effect on meat iron bioavailability. 
The mean total liver iron of rats fed boiled meat diets was 140 
micrograms per liver, compared with 155 micrograms iron per liver of 
rats fed baked meat diets (calculated from table 10}. This difference 
was not significant (p~.05, table 10). Rats fed the 100% ferrous 
sulfate diet had the highest (p~.05) mean total liver iron (222 micro-
grams iron per liver). 
~These treatments were also used in experiment 2. 
c Autoclaved 90 min at 121 C in glass canning jars. 
Mean differences must exceed the values indicated to be significantly different at the 5 or 
d 1 %levels of probability. 
Each value in the table is the mean of 10 rats determined in 2 replicates of 5 animals each. 
~ Not significantly different by F-test. 
Efficiency of conversion of dietary iron into blood hemoglobin iron in anemic rats. 
Table 10. Percent apparent iron absorption, efficiency of conversion of dietary iron to hemoglobin iron 
(iron bioavailability), and parameters for calculation of iron bioavailability of diets 
containing different heat processed meats, then fed to anemic rats for 10 days. 
Iron sources in diet 
Body weight 
Initial, g 
Final,g 
Gain,g 
Hemoglobin cone. 
Initial ,g/dl 
Final ,g/dl 
Gain,g/dl 
Hematocrit 
Initial,% 
Final,% 
Gain, % 
Diet intake,g 
Liver weight,g 
Liver iron, ug 
Liver iron, ug/g liver 
Efficiency,%f 
Apparent absorption,% 
rawa 
meat 
72d 
128 
56 
5.93 
7.35 
1.42 
23.0 
31.4 
8.4 
107 
4.25 
137 
32.0 
33.4 
54.0 
Heat treatment 
---b~k~d-~~~~-----------b~il~d-~~~~---------~~~~~ab FeSO a 
rare medium done 5min 30 min 90 min meat diet4 
LSDc 
.05/.01 
72 
125 
53 
6.02 
8.33 
2.31 
22.4 
32.7 
10.3 
106 
4.22 
145 
34.5 
35.5 
48.8 
73 
128 
55 
6.03 
8.45 
2.42 
23.2 
34.5 
11.3 
109 
4.67 
178 
37.8 
36.4 
60.8 
74 
127 
53 
6.07 
8.66 
2.59 
22.6 
33.0 
10.4 
110 
4.38 
154 
35.4 
36.0 
59.1 
74 
129 
55 
5.84 
7.06 
1.22 
22.5 
29.0 
6.5 
105 
4.42 
137 
31.0 
30.5 
58.4 
72 
121 
49 
6.21 
7.63 
1.42 
24.2 
32.5 
8.3 
99 
4.18 
137 
32.6 
34.0 
51.3 
72 
126 
54 
6.31 
8.45 
2.14 
23.3 
34.3 
11.0 
105 
4.51 
149 
33.3 
37.0 
62.5 
72 
124 
52 
5.87 
7.86 
1.99 
21.9 
32.0 
10.1 
99 
4.37 
138 
31.7 
37.5 
53.1 
74 NSe 
120 NS 
46 NS 
5.90 NS 
12.17 0.88/1.18 
6.27 0.66/0.89 
23.3 NS 
45.3 3.2/4.3 
22.0 3.0/4.0 
96 
4.75 
222 
46.8 
60.5 
87.7 
NS 
NS 
29/39 
5.2/7.0 
4.5/6.0 
7.0/9.3 
+::> 
CHAPTER V 
DISCUSSION 
Diets 
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The amounts of phosphate, protein and fat in the experimental 
diets were adjusted to be similar so that their effects on iron bio-
availability would also be similar among the diets. The phosphate 
compounds, either as inorganic phosphate or phosphate-containing 
foods, are among the most important inhibitors of iron absorption 
(Peters et al ., 1971). The addition of phosphates to diets of growing 
rats results in decreased iron absorption, hemoglobin concentration, 
and a depression of liver iron values in both control and achlorhydric 
(absence of hydrochloric acid in gastric juice) rats (Mahoney and Hen-
dricks, 1978). They also found that sodium pyrophosphate and sodium 
tripolyphosphate depressed hemoglobin concentration and liver iron 
while sodium phosphate and sodium metaphosphate had only slight ef-
fects on iron metabolism in the rat. The effect might be due to the 
formation of highly insoluble ferric phosphate (Peters et al ., 1971). 
Zemel and Bidari (1983) found that hexametaphosphate supplement caused 
a decrease in the bioavailability of iron in rats. The effect may be 
due to the sequestration of iron by hexametaphosphate, forming an un-
absorbable complex. This effect was enhanced by calcium supplementa-
43 
tion. Similarly, the studies with a semipurified meal {Monsen and 
Cook, 1976) showed that separate addition of a soluble calcium salt or 
a soluble phosphate salt had little effect on iron absorption. The 
inhibitory effect was clearly observed when both salts were added sim-
ultaneously. Pond et al .{1978) reported that simultaneously increas-
ing the levels of calcium and phosphorus in the diets of growing pigs 
caused a decrease in concentration of iron in the radius-ulna bone, 
while phosphorus or calcium alone had no significant effect. The ef-
fect probably resulted from the co-precipitation of iron with an inso-
luble complex of calcium phosphate {Monsen and Cook, 1976). Monsen 
and Cook {1976) and Snedeker et al .{1982) studied in human subjects 
and found that orthophosphates depressed iron utilization only when 
the level of calcium intake was elevated simultaneously with phos-
phorus. 
In these experiments, the protein content in the diets was ad-
justed to similar levels using casein {tables 2, 3). Carmicheal et 
al .{1975) demonstrated that casein did not significantly affect iron 
absorption. However, a certain amount of protein (15-18%) is necessa-
ry for adequate iron absorption {Klavins et al ., 1959; 1962). Low 
iron absorption is associated with a low protein diet. This abnorma-
lity was attributed to a retarded rate of growth and a relative defi-
ciency of proteins for hemoglobin synthesis {Garretson and Conrad, 
1967). However, diets containing 5 to 40% casein were not signifi-
cantly different in iron absorption for iron-deficient rats {Amine and 
Hegsted, 1971). 
44 
In these experiments, fat content was adjusted to similar levels 
by adding rendered beef kidney fat (tables 2,3). Iron bioavailability 
as determined by some hemoglobin repletion methods can be influenced 
by the amount and type of fat in the diet, perhaps due to the enhanc-
ing effect of fats on iron absorption or growth response (Amine and 
Hegsted, 1975; Bowering et al., 1977). However, Mahoney et al.(1980) 
found that in expressing iron bioavailability as the efficiency of the 
conversion of dietary iron into hemoglobin, the amount of fat in the 
diet did not affect the bioavailability of iron from turkey meat or 
from ferrous sulfate, but the type of fat did. They fou1d that r ats 
fed beef fat were most efficient in converting iron from turkey meat 
into hemoglobin, compared with turkey fat, corn oil, or pork fat. 
About 50% and 90% of the iron in ground beef was found to exist 
as heme iron in experiments 1 and 2, respectively. Cook and Monsen 
(1976) found that heme iron represented 50 to 60 percent of the iron 
in beef. Similarly, Schricker et al .(1982b) found that heme iron in 
beef, expressed as percent of total iron, was 42 to 82 percent. The 
values calculated from Field et al .(1980) results also showed that 
about 50 to 80 percent of iron exist in the heme form. 
In the present studies, with the exception of rats fed the low 
iron (basal) diet, rats fed the hemoglobin diets gained less weight 
than any other group during the 10 day test period (Tables 7, 9, 10). 
Rats fed diets containing autoclaved hemoglobin gained more weight 
than those fed raw hemoglobin diets (Table 9). The differences in 
weight gain observed are probably due to the differences in the amount 
45 
of diet consumed by the rats. The dietary intake seemed to decrease 
as the dietary hemoglobin iron increased (Table 9). The dietary in-
take did not vary consistently with the level of iron from ferrous 
sulfate and meat (table 7). Rats fed diets containing different heat 
processed meats consumed similar quantities of diet, and also had si-
milar weight gains (Table 10). However, the effect of body weight 
gain on determination of iron bioavailability can be overcome by ex-
pressing bioavailability as an efficiency of converting dietary iron 
into hemoglobin iron (repletion efficiency) (Mahoney and Hendricks, 
1982). 
Liver Iron 
In these experiments, the final liver iron concentration varied 
from 30 to 48 micrograms/g liver. Rats fed with low iron diet (basal 
diet) had the lowest liver iron values. The liver iron content varied 
consistently with the final hemoglobin concentration. A significant 
(p~.01) positive correlation was observed between total liver iron 
content and blood hemoglobin concentration (figure 1). The rats fed 
ferrous sulfate diets had the highest final hemoglobin concentrations 
(11-14 g/dl, Table 7) and also had the highest total liver iron con-
centrations (40-60 micrograms iron/g liver, Tables 7, 9). There was a 
significantly higher (p~.05) level of total liver iron in those rats 
fed the ferrous sulfate diets, compared with all other diets (Tables 
7, 9). These results are similar to those of Weintraub et al .(1965) 
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Figure 1. Correlation between final hemoglobin concentration 
and liver iron content. 
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and Park et al.(1983). 
The hematinic response, liver iron content, and efficiency of 
converting food iron to hemoglobin in anemic rats were found to be 
higher in rats fed ferrous sulfate diets than those fed with meat 
mixed with ferrous sulfate diets (experiment 1, table 7). This showed 
that, in anemic rats, the availability of iron from ferrous sulfate 
was higher than iron from meat or hemoglobin. 
Repletion Efficiency 
Iron from dietary hemoglobin was less efficiently converted to 
hemoglobin than the dietary iron from meat or ferrous sulfate (tables 
7, 9). The efficiency values for diets containing hemoglobin was 
about one-third of that of ferrous sulfate diets (table 9). These re-
sults are in agreement with previous experiments (Amine and Hegsted, 
1971; Bannerman, 1965; Wheby et al ., 1970) in that the amount of fer-
rous sulfate iron absorbed by iron deficient rats was 2-3 times 
greater than the amount of dietary hemoglobin iron absorbed. 
Similarly, Weintraub et al.(l965) showed that there was a three-fold 
increase in the absorption of ferrous sulfate in anemic rats compared 
to normal rats, but there was no significant increase in the absorp-
tion of intrinsically labelled rabbit hemoglobin by anemic rats. They 
indicated that anemic rats did not absorb the porphyrin iron as well 
as iron from ferrous sulfate. They also observed relatively low ab-
sorption of hemin iron, which showed that the difference in iron ab-
48 
sorption was not due to the inability of the rat to split the heme 
ring from globin {Weintraub et al ., 1965). 
The efficiency of converting ground beef iron into hemoglobin 
found in these experiments were 33 and 37%, respectively in experi-
ments 2 and 1, which agrees closely with the 35% efficiency value for 
beef muscle calculated from data of Pye and Macleod {1946). However 
the results from this experiment were lower than the results from Ma-
honey et a1.{1979) and Farmer et al.{1977). Mahoney et al.{1979) 
found that the efficiency of converting meat iron to hemoglobin iron 
was 58 and 39% when processed into bologna with 0 and 50 ppm sodium 
nitrite added, respectively. Similarly, Farmer et al.(1977) showed 
that the efficiency of converting iron from mechanically deboned and 
hand deboned beef in anemic rats were 47 and 63 %, respectively. The 
higher efficiency of iron utilization in previous studies may be due 
to the high fat content in the diet. The diets in this experiment 
contained 7-10 % fat while diets in previous experiments contained 
about 10-36 % fat. 
In this study, the dietary amount of iron from meat and hemoglo-
bin or ferrous sulfate were varied to determine the enhancing effect, 
if any, of meat on hemoglobin and ferrous sulfate iron bioavailability 
by considering the efficiency of converting dietary iron into hemoglo-
bin iron (repletion efficiency). The dietary iron bioavailability 
consistently decreased as the proportion of dietary iron from hemoglo-
bin increased (figure 2). No enhancing effect of meat on hemoglobin 
iron bioavailability was observed (figure 2). However, autoclaving 
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Figure 2. Effect of heat treatment (autoclaving) on the effi-
ciency of converting dietary iron from meat and hemoglobin to 
blood hemoglobin in anemic rats (repletion efficiency). 
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significantly (p~.01) increased the iron bioavailability of 100% hemo-
globin diets (figure 2, table 9). The apparent absorption values did 
not vary with variation in the ratio of dietary iron from meat or he-
moglobin {table 9). On the contrary, Martinez-Torres and Layrisse 
(1971) found that veal muscle increased the absorption of intrinsical-
ly labelled rabbit hemoglobin fed to anemic rats. They found that the 
mean absorption of hemoglobin iron given alone was about half of the 
absorption observed when given with veal muscle, whereas the absorp-
tion of meat given alone or administered with hemoglobin iron was 
unaffected. Kroe et al.(1963) studied the effect of various amino 
acids upon the absorption of iron from the gastrointestinal tract by 
introducing single amino acids and Fe59 into isolated loops of small 
intestine of rats and measuring the serum for radioactivity and the 
uptake of Fe59 by the liver. They found that all the amino acids stu-
died (methionine, proline, phenylalanine, serine, glutamic acid, as-
paragine, histidine, ethionine and glutamine) caused an increase in 
the serum iron and iron deposition in the liver. 
Meat has been reported to improve the absorption of iron from 
corn or beans (Layrisse et al ., 1969; Martinez- Torres and Layrisse, 
1970). Cysteine was shown to enhance iron absorption from black 
beans. The facilitation of iron absorption by cysteine might possibly 
be due to the formation of a soluble chelate between cysteine and iron 
in the lumen of the gut (Martinez-Torres and Layrisse, 1970). Other 
amino acids, including glutamic acid, serine, phenylalanine, proline, 
asparagine, histidine, and ethionine, were found to increase labelled 
51 
inorganic iron absorption in rats (Kroe et al ., 1963). 
The efficiency of conversion of dietary iron from meat and fer-
rous sulfate into blood hemoglobin (repletion efficiency) seems to be 
enhanced by meat in the diet (figure 3, curve A). However, the liver 
iron content increased consistently with an increase in final hemoglo-
bin (figure 1). Therefore, it is possible that when the hemoglobin 
concentration is high, rats will store relatively more dietary iron in 
the liver, rather than synthesizing more hemoglobin. After correcting 
the efficiency values to account for the increase in liver iron stores 
i.e., corrected efficiency= 
blood Hb iron increase+ liver iron increase x 100 1ron 1ntake dur1ng test per1od 
no enhancing effect of meat on ferrous sulfate utilization was ob-
served (figure 3). 
The differences in the enhancing effect of meat on iron absorp-
tion between this study and others may be due to the high bioavaila-
bility of ferrous sulfate or due to the differences in dietary protein 
content between this study and other studies. Ferrous sulfate is a 
highly available iron source, while iron from vegetable sources such 
as corn meal is much less available (Layrisse et al.1969). Therefore, 
meat may enhance the utilization of iron from vegetable sources as 
shown by Martinez-Torres and Layrisse (1970) and Kroe et al.(1963), 
but not from readily available sources such as iron salts (Layrisse 
and Martinez-Torres, 1972). 
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Figure 3. Efficiency of conversion of dietary iron from meat 
and ferrous sulfate to blood hemoglobin in anemic rats 
(repletion efficiency). 
curve A - Efficiency of conversion of dietary iron to blood 
hemoglobin. 
curve B - Efficiency of conversion of dietary iron to blood 
hemoglobin and increased liver iron stores. 
curve C - Expected efficiency of conversion of dietary iron 
into blood hemoglobin, if there is no enhancing 
effect of meat on dietary iron absorption. 
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In this experiment the protein content in the diets was adjusted 
to similar levels by adding casein. Conrad et al.(l967) have shown 
that less iron (3%) is absorbed from purified heme than from heme plus 
degraded globin (26%). These data indicate that products of protein 
degradation are necessary for the absorption of heme iron, and that 
the protein degradation substances produced during the digestion of 
meat facilitate the absorption of iron. Klavins et al. (1959; 1962) 
demonstrated that a low protein diet was associated with low iron ab-
sorption and that a certain amount of protein is necessary for ade-
quate iron absorption. Possibly, low protein diets cause growth fai-
lure, therefore blood volume does not expand to cause an iron need. 
Low quality proteins are known to affect iron utilization by decreas-
ing hemoglobin synthesis (Miller, 1974). It might be possible that 
the body is unable to produce the proteins that are necessary for he-
moprotein synthesis, and/or the amount of available protein is inade-
quate to act as chelating agents in the absorption of iron (Van Cam-
pen, 1973). Furthermore, the continual feeding of food iron as a part 
of the diet is a more physiological approach to determine iron bio-
availability in animals, rather than the measuring of iron absorption 
following a single test dose. Various intraluminal digestive 
processes which are stimulated by the ingestion of food may enhance or 
impair iron absorption, and thus play a role in the final retention of 
iron in hemoglobin (Weintraub et al., 1965). The day to day variation 
in the metabolic state of the subject also may contribute to variation 
in the single dose experiments. 
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In this experiment, cooking meat by boiling, baking, or autoclav-
ing did not significantly affect the repletion efficiency of iron in 
anemic rats (Tables 10 and Appendix M, table 39). On the contrary, 
autoclaving varying amounts of meat and hemoglobin was found to signi-
ficantly increase the repletion efficiency of iron from dietary hemo-
globin (Table 9 and Appendix M, table 31). Bioavailability of hemo-
globin was increased from 23% to 30% after autoclaving. These studies 
showed that heat treatment by autoclaving significantly increased the 
repletion efficiency of hemoglobin iron (figure 2), and also increased 
the amount of non-heme iron in the diet (table 5, figure 4). The in-
crease in bioavailability of autoclaved hemoglobin may be due to the 
increase in non-heme iron. However, autoclaving did not significantly 
affect the the amount of soluble iron in the diets (table 5, figure 
5). The conditions of heat treatment seem to play an important role 
in b.ioavailability of heme iron. Turnbull et a1.(1962) found that 
cooking hemoglobin in a boiling water bath for 15 minutes did not sig-
nificantly affect the absorption of iron in deficient human subjects. 
Callender et al .(1957) demonstrated that boiling intrinsically la-
belled rabbit hemoglobin for 3 minutes decreased the absorption of 
hemoglobin about 50 per cent in both normal and iron deficient human 
subjects. Park et al.(1983) also observed that cooking hemoglobin (in 
a water bath at 80 C for 45 minutes, refrigerated overnight and then 
reheat 45 min at 85 C) reduced the hemoglobin repletion in anemic 
rats, whereas washing tended to increase hemoglobin repletion. The 
hemoglobin gain in rats fed with oven-dried meat was found to be 
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higher than those fed with unheated, vacuum dried meat (Oldham, 1941). 
Oldham explained that heat might cause degradation of the hemoglobin 
molecule, making it more readily assimilated by the body. On the 
other hand, retorting (autoclaving) was found to decrease iron absorp-
tion from mechanically deboned and hand-deboned beef shank (Tzy-bin 
Tso, 1979). In contrast, in this experiment, it was found that meat 
and ferrous sulfate iron bioavailability was unaffected by autoclaving 
at 121 C, 15 psi, for 90 min.( figure 6). Differences between these 
studies may be due to Tso (1979) having varying iron levels among tre-
atments and the differences in methodology. Previous studies also 
found no effect of moist heat on ferrous sulfate iron bioavailability 
(Wood et al., 1978; Theuer et al., 1971). 
In Vitro Determination of Soluble Iron 
An in vitro model for rapid determination of iron bioavailability 
was used (Nelson and Potter , 1980; Lee and Clydesdale, 1979; Schrick-
er and Miller, 1982; Schricker et al . , 1982a). The method involves a 
simulated gastro-intestinal digestion using commercially available en-
zymes. The soluble iron is used as an indicator of iron bioavailabi-
lity. A positive relationship between in vitro release of non-heme 
iron from vegetable foods and iron bioavailability has been reported 
by Narasinga-Rao and Prabhavathi (1978) and Nelson and Potter (1980). 
The results of this study did not show a constant relationship 
between the amount of soluble iron in the diet and the iron bioavaila-
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ciency of converting dietary iron from meat and ferrous 
sulfate to blood hemoglobin in anemic rats (repletion 
efficiency). 
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bility (figure 7). In diets containing various ratios of iron from 
ferrous sulfate and meat, both the soluble iron content (figure 8) and 
the repletion efficiency (figure 3) increased but the heme iron con-
tent decreased (figure 9), as the proportion of dietary iron from fer-
rous sulfate increased. On the other hand, in diets containing vary-
ing ratios of dietary iron from hemoglobin and meat, an increase in 
the ratio of dietary hemoglobin iron increased the heme iron and the 
soluble iron content (figure 4 and 5) but the repletion efficiency de-
creased (figure 2). Thus, it appears that an increase in soluble iron 
is correlated with an increase in iron bioavailability in diets con-
taining meat and vegetable iron or meat and ferrous sulfate, but not 
for meat and added hemoglobin iron. A recent study has shown that 
iron is bound to both insoluble and soluble protein. The extent of 
this binding is related to the protein source, the iron source and the 
conditions imposed (Nelson and Potter, 1979). In this study, soluble 
iron was measured after enzymatic digestion. Possibly, some soluble 
iron in this study was composed of heme iron-peptide chelates in the 
meat and hemoglobin diets. These chelates may be less bioavailable 
than ionic iron, although both would be measured as soluble iron by 
our procedures. This is one possible explanation for the relatively 
low bioavailability of iron from diets containing meat and added hemo-
globin, even though soluble iron of these diets was relatively high. 
Even though the in vitro method is simple, rapid and low in cost, 
the results are uncertain and need more attention in the difference in 
solubility of heme and non-heme iron. Variation in diet composition 
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also has a great influence on solubility of iron in the diet. Further 
research is required related to the correlation between the in vitro 
and the in vivo methods. 
While information on the iron content of foods is adequate, the 
knowledge of food iron availability is incomplete. Human balance stu-
dies are hard to control and susceptible to large errors. Human stu-
dies using the extrinsic radioiron tag method have proven to be suc-
cessful (Bjorn-Rasmussen et al. 1974). However, the safety and 
ethics of this method are questionable. On the other hand, it has 
been verified that rats and humans utilize iron from hemoglobin and 
ferrous sulfate with similar efficiencies when both species are in the 
same nutritional status (Park et al; 1983). Rotruck and Luhrsen 
(1979) also concluded that the iron absorption pattern in the rat may 
closely parallel that of humans. Thus, more reliable data on dietary 
iron bioavailability for humans may be obtained using anemic rat stu-
dies, and thus is the preferred method for future studies of the ef-
fects of processing on food iron bioavailability. 
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CHAPTER VI 
CONCLUSION 
Autoclaving the meat and hemoglobin decreased the heme iron con-
tent in the test diets. The soluble iron level decreased in all diets 
containing autoclaved meat or hemoglobin but there was no significant 
difference in meat iron bioavailability due to autoclaving. In diets 
containing meat and ferrous sulfate, the regeneration efficiency in-
creased as the soluble iron increased. On the contrary, in diets con-
taining meat and hemoglobin, as the proportion of dietary iron from 
hemoglobin increased, the soluble iron increased, but the repletion 
efficiency decreased. Also in diets containing varying amounts of 
iron _from meat and ferrous sulfate, there was an increase in repletion 
efficiency as the amount of iron from ferrous sulfate increased. On 
the other hand, the repletion efficiency decreased with an increase in 
the amount of dietary iron from hemoglobin. Bioavailability of iron 
from ferrous sulfate or hemoglobin was not increased by meat. 
Meat iron was more efficient in being converted to hemoglobin 
than iron from commercial bovine hemoglobin. The repletion efficiency 
of hemoglobin iron was about two-thirds of that of meat iron. Ferrous 
sulfate gave the highest repletion efficiency, about two times that of 
meat iron. 
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Heat treatment decreased the amount of heme iron in diets con-
taining iron from both meat and hemoglobin, but did not significantly 
affect the iron solubility, as determined by an in vitro method that 
simulated gastric conditions. Autoclaving significantly increased re-
pletion efficiency of dietary hemoglobin alone, but did not affect the 
repletion efficiency of diets containing various ratios of meat and 
ferrous sulfate. 
Different methods of meat cookery (boiling, baking, or autoclav-
ing) did not significantly affect meat iron bioavailability. 
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APPENDICES 
Reagents 
Appendix A 
Atomic Absorption Spectroscopic Method for the 
Determination of Iron 
(Boline and Schrenk, 1977; Clegg et al.,1981) 
Use deionized water only. 
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a) Iron reference standard (1000 ppm), Anderson Laboratories, 
Inc., Forth Worth, Tex. 
b) Standard solutions: Dilute aliquots of iron reference stan-
dard solution with 0.1 N HCl and deionized water to prepare 
100 ml standards of 0.5, 1.0, 2.0, and 5.0 ppm for a calibra-
tion curve, containing about 10 ml of 0.1 N HCl. 
c) Acids: Use analytical reagent grade Nitric acid and Hydro-
chloric acid. Test for the absence of iron by ashing blank 
sample and then analyzing for the metal by atomic absorption 
spectrophotometry. 
Glassware 
All glassware was soaked in a 20% hydrochloric acid bath for a 
period of 24 hours and then rinsed with deionized water, and allowed 
to dry in a plastic drying basket. The glassware was stored in plas-
tic bags prior to use. 
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Crucibles 
Glazed Coors porcelain crucibles (Coors Porcelain Co., Golden, 
Colo.) were washed in heated 20 % hydrochloric acid for 3 hours and 
then rinsed with several volumes of deionized water. Rinsed crucibles 
were allowed to dry in a plastic drying basket covered with Saran Wrap 
and then stored in plastic bags prior to use. 
Sample Preparation 
1) Samples were accurately weighed into glazed coors porcelain 
crucibles and ashed overnight at 500-510 C in a muffle fur-
nace. 
2) The crucible was removed from the muffle furnace and cooled at 
room temperature. 
3) A few drops of nitric acid were added and the crucible was 
placed back in the muffle furnace for 3 hours. The crucible 
was removed from the muffle furnace and then cooled at room 
temperature. 
4) The resulting ashes were dissolved in 10 ml of 6 N HCl, 
brought to a brief boil, and then filtered through #541 What-
man filter paper (Whatman Limited, England) into 25 ml volume-
tric flasks which were brought to volume with deionized water. 
75 
Atomic Absorption Spectrophotometry 
The samples and standards were analyzed by an N2o;acetylene flame 
atomic absorption spectrophotometer (Instrumentation Lab~ model 457, 
Wilmington, MA.) at a wavelength of 248.3 nm. The concentrations of 
samples were determined from the standard curve. 
Appendix B 
Protein Determination by Micro Kjeldahl Method 
(Smith, 1980; Pearson, 1976) 
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1) Samples (0.2-0.3 g) were accurately weighed into 100 ml Kjel-
dahl flasks. 
2) Approximately 0.8 g of catalyst mixture (96% anhydrous sodium 
sulfate, 35% copper sulfate and 0.5% selenium dioxide) was 
added. 
3) Two millilitres concentrated sulphuric acid was added. 
4) Samples were oxidized by heating until a clear solution was 
obtained. 
5) Distilled water was added until the flask was approximately 
2/3 full. 
6) The solution was made alkaline with concentrated aqueous alka-
li (about 10 ml of 40% NaOH). The ammonia steam was dis-
tilled for 5-10 min into 10 ml boric acid solution (2%) con-
taining 0.1 ml 0.1% bromcresol green in alcohol, as an indica-
tor. 
7) After lowering the receiving flask clear of the condenser, the 
apparatus was steamed out for a further 5 min. 
8) The distillate was then titrated with 0.02 M Hydrochloric acid 
to a green end point. 
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Appendix C 
Crude Fat Determination (AOAC, 1975) 
1) About 3-4 g samples were weighed by difference into a thimble 
containing a small amount of sand or asbestos. 
2) Glass beads were mixed in. 
3) The thimble and rod were placed in a 50 ml beaker, then oven 
dried 6 hours at 100-102 C or 1.5 hours at 125 C. 
4) The dried sample was extracted with anhydrous ether in a 
Soxhlet apparatus (Laboratory Construction Co., Kansas city, 
Mo). The extraction period may vary from 4 hours at a conden-
sation rate of 5-6 drops/second to 16 hours at 2-3 
drops/second. 
5) The ether was allowed to evaporate, then the residue was dried 
in an oven at 100-102 C for 30 min. The dried extract was al-
lowed to cool, then weighed. 
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Appendix D 
Determination of Phosphate by the Vanado-Molybdate 
Colorimetric Method (Pearson, 1976) 
Special Reagents 
A. Vanadate-molybdate composite reagents 
1) Twenty grams ammonium molybdate was dissolved in 400 ml warmed 
water (50 C), then cooled. 
2) One gram ammonium vanadate was dissolved in 300 ml boiling 
distilled water. The solution was cooled to room temperature. 
Gradually, 140 ml concentrated nitric acid was added with 
stirring. 
3) The molybdate solution was gradually added to the acid van a-
date solution with stirring and diluted to a litre with water. 
B. Standard Phosphate Solution 
A stock solution containing 3.834 g potassium dihydrogen phos-
phate per litre was prepared. Twenty five millilitres of the stock 
solution was diluted to 250 ml (0.2 mg P2o5;ml). 
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Preparation of Standard Curve 
1) To a series of 100 ml volumetric flasks 0, 2.5, 5, 10, 20, 30, 
40, and 50 ml of the standard phosphate solution were added, 
and each was diluted to 50-60 ml with water. 
2) A few drops of ammonia solution (21 N) were added and then ad-
justed to pH 5 with nitric acid diluted 1:2 with distilled 
water. 
3) Twenty five millilitres of the vanadate-molybdate reagent was 
added. Then the flasks were diluted to volume and mixed. 
4) The standards were allowed to stand for 10 min and the optical 
density was measured at 470 nm. 
Method 
1) The sample was accurately weighed, then ashed in a furnace at 
500 c. 
2) The ash was boiled with 10 ml 5 M hydrochloric acid, and then 
the solution was washed into a 100 ml volumetric flask with 
water, filtering if necessary. 
3) The solution was neutralised by the dropwise addition of 21 N 
ammonia, then adjusted to pH 5 with nitric acid (1:2). 
4) Twenty five millilitres of the vanadate-molybdate reagent was 
added. The flasks were then diluted to volume and mixed. 
5) The samples were allowed to stand for 10 min and the optical 
density was measured at 470 nm. 
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6) The concentration of the sample was determined from the stan-
dard curve. 
Appendix E 
Mineral Mixture 
Ingredients 
Potassium chloride 
Magnesium carbonate 
Manganese sulfate 
Cobalt chloride (CoC1 2.6H20) 
Copper sulfate (Cuso4.7H20) 
Potassium iodide 
sodium molybdate (Na2Moo4.2H2o) 
Zinc sulfate (Znso4.7H2o 
Glucose 
g/kg 
296.7 
121.0 
12.7 
0.7 
1.6 
0.8 
0.1 
28.0 
538.4 
------------------------P--------------------------~---~-----
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Appendix F 
Vitamin Mixture 
{Nutrition Biochemicals Corp., Cleveland, Ohio) 
Ingredients 
Vitamin A concentrate {200,000 I.U. 
retinyl acetate per gram) 
Vitamin 0 concentrate {400,000 r.u. 
calciferol per gram) 
Niacin 
Riboflavin 
Pyridoxine hydrochloride 
Thiamin hydrochloride 
Vitamin B12 
Ascorbic acid 
Calcium pantothenate 
Biotin 
Folic acid 
g/kg 
4.5 
0.25 
4.5 
1.0 
1.0 
1.0 
1.4 
45.0 
30.0 
0.02 
0.09 
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Appendix G 
Heme Iron Determination (Hornsey, 1956) 
Acid acetone reagent 
1) Four millilitres of concentrated HCl were mixed with distilled 
water and adjusted to 20 ml. 
2) The solution were transferred to a 200 ml volumetric flask, 
then brought to volume with certified pure acetone. 
Procedure 
1) About 2 g meat sample was accurately weighed into a polypropy-
lene centrifuge tube. 
2) Then 9.0 ml acid acetone was added and thoroughly macerated 
with a stirring rod. 
3) Allow sample to stand for 1 hour. 
4) Filter through two# 42 Whatman filter papers (diameter 9.0 
em). 
5) The optical density {0.0.) was then read at 640 nm. 
6) The concentration of total pigment in the sample was calculat-
ed as follows: 
Total pigment (mg/g) = 0.0. x 680 
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Appendix H 
Soluble Iron Determination 
(Nelson and Potter, 1980; Lee and Clydesdale,1979) 
Procedure 
1) About 250 mg sample was accurately weighed into a 50 ml cen-
trifuge tube. 
2) Fifteen ml of 0.1 N HCl containing 1.5 mg pepsin was added. 
3) The mixture was incubated for 3 hours at 37 C on a Shaker 
platform (Lab-line Instruments Inc., Melrose Park, Il.), at 
setting 100. 
4) The mixture was then immediately neutralized with 0.5 N NaOH. 
5) Then 7.5 ml 0.2 M borate buffer (pH 8.0) containing 4 mg pan-
creatin and 0.005 M Sodium azide was added. 
6) The mixture was further incubated on a Shaker platform at set-
ting 100 for 24 hours at 37 C. 
7) The mixture was centrifuged at 20,000 g for 5 min. 
8) The solids were then washed 3 times by resuspending the solids 
in 10 ml deionized water, followed by recentrifugation. 
9) The supernatant and washings were combined and adjusted to vo-
lume. 
10) Iron content in the solution was determined by atomic absorp-
tion spectrophotometry. 
Appendix I 
Cyanmethemoglobin Method for Determination of Blood Hemoglobin 
(Crosby et al., 1954) 
Drabkin's Reagent Preparation 
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One gram Sodium bicarbonate, 52 mg Potassium cyanide, and 198 mg 
Potassium ferricyanide were weighed, then dissolved and diluted to 
1000 ml in a volumetric flask with distilled water. The solution was 
refrigerated in a labelled dark brown glass container. 
Procedure 
1) Twenty microliters of unclotted blood was pipetted into 5 ml 
Drabkin's reagent. 
2) The solution was mixed well and allowed to set 30 min. 
Absorbance was read at 540 nm in a spectrophotometer. 
3) Hemoglobin concentrations were determined from the standard 
curve derived from commercial hemoglobin standards (Fischer 
Scientific Company, Diagnostics Division, Orangeburg, NY.). 
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Appendix J 
Tables of Animal Response Data 
Table 11. Percent apparent iron absorption, efficiency of conversion of dietary iron to hemoglobin 
iron (iron bioavailability), and parameters for calculation of iron bioavailability of 
diets containing varying amounts of iron from raw or autoclaved meat and ferrous sulfate, 
then fed to anemic rats for 10 days (Experiment 1)~ 
-------------------------------------------------------------- ·---------------------------------------
Iron sources in diets (100% = 3.5 mg/100 g diet) 
raw autocl a veda 
--------------------------------- ------------------------
% of dietary iron from meat 100 75 50 25 0 100 75 50 25 basal 
% of dietary iron from Feso4 0 25 50 75 100 0 25 50 75 diet 
-----------------------~-------------------------------------------------------------------------------
Body weight 
75b Initial, g 76 75 78 75 74 72 78 78 74 
82c 83 81 81 82 82 83 82 82 80 
Final, g 125 126 121 127 124 126 113 121 120 115 
135 135 131 134 136 132 128 134 133 126 
Gain, g 51 50 46 49 49 52 41 43 42 41 
53 52 50 53 54 50 45 52 51 46 
Hemoglobin cone. 
Initial, g/dl 5.74 5.72 5.74 5.80 5.86 5.80 5.82 5.88 5.88 5.97 
5.98 5.92 6.02 6.06 5.90 6.02 6.04 5.96 5.90 6.21 
Fi na 1, g/ dl 9.12 10.64 12.14 12.94 13.46 7.98 11.26 11.84 12.66 8.00 
9.54 10.34 11.80 12.60 13.26 8.92 10.20 12.02 12.64 8.05 
Gain, g/dl 3.38 4.92 6.40 7.14 7.60 2.18 5.44 5.96 6.78 2.03 
3.56 4.42 5.78 6.54 7.36 2.90 4.16 6.06 6.74 1.84 
Hematocrit 
Initial,% 24.8 24.8 23.6 24.6 24.6 24.2 23.8 24.4 25.0 24.8 
24.6 24.0 24.4 24.8 24.0 24.2 25.2 23.2 24.8 24.8 
Final,% 35.6 40.8 44.0 43.2 44.0 32.4 41.2 . 43.0 46.0 30.4 
37.2 38.6 42.6 44.0 45.2 36.8 40.8 43.0 46.4 32.4 
Gain, % 10.8 16.0 20.4 18.6 19.4 8.2 17.4 18.6 21.0 5.6 
12.6 14.6 18.2 19.2 21.2 12.6 15.6 19.8 21.6 7.6 
00 
........., 
Table 11. (cont.) 
-------------------------------------------------------------------------------------------------------
Iron sources in diets (100% = 3.5 mg/100 g diet) 
raw autocl a veda 
% of dietary iron from meat 100 75 50 25 0 100 75 50 25 basal 
% of dietary iron from Feso4 0 25 50 75 100 0 25 50 75 diet 
-------------------------------------------------------------------------------------------------------
Fe in diet,mg/100gd 4.05 3.66 3.65 3.47 3.52 3.81 3.63 3.36 3.62 1.28 
Diet intake, g 109 113 107 116 112 106 102 107 107 101 
110 117 114 123 120 110 108 123 124 109 
Liver weight, g 
L i v e r i ron , u g 
Liver iron, ug/g liver 
Efficiency,%e 
Apparent absorption,% 
3.68 
3.87 
109 
161 
29.6 
42.3 
3.78 3.79 
4.40 4.02 
119 185 
202 137 
31.4 34.5 
38.9 33.5 
4.16 
4.61 
177 
220 
46.6 
47.2 
4.87 
5.52 
256 
237 
53.5 
42.5 
34.1 50.4 59.5 66.0 70.2 
40.0 47.6 57.5 63.3 70.2 
58.9 69.8 69.8 76.3 68.3 
63.7 65.9 68.9 76.7 72.1 
3.81 
4.25 
92 
177 
25.3 
41.6 
3.57 3.92 
4.00 4.51 
77 116 
141 216 
·22.1 29.8 
35.5 47.6 
4.01 
4.85 
110 
268 
26.9 
55.7 
32.3 51.5 61.1 65.3 
36.5 45.9 61.4 60.5 
63.9 71.0 75.2 72.4 
63.3 75.5 72.2 78.0 
a Autoclaved at 121 C for 90 min in glass canning jars. b,~ Mean of five rats per diet. Values in b and c are replicates of the same diet. 
Analyzed value. 
e Efficiency of conversion of dietary iron into blood hemoglobin iron in anemic rats. 
3.73 
4.57 
97 
161 
25.9 
35.2 
83.8 
75.5 
63.4 
70.6 
co 
co 
Table 12. Percent apparent iron absorption, efficiency of conversion of dietary iron to hemoglobin 
iron (iron bioavailability), and parameters for calculation of iron bioavailability of 
diets containing varying amounts of iron from raw or autoclaved meat and hemoglobin, 
then fed to anemic rats for 10 days. (Experiment 2). 
-------------------------------------------------------------------------------------------------------
Iron sources in diets (100% = 3.5 mg/lOgg diet) 
raw autocl aved 
%of dietary iron: 
-------------------------------- --------------------------------
from meat 100 75 50 25 0 100 75 50 25 0 Feso4 basal from Hba 0 25 50 75 100 0 25 50 75 100 diet diet 
-------------------------------------------------------------------------------------------------------
Body weight 
127c Final, g 127 124 118 107 119 113 124 108 117 113 96 
130d 133 122 124 114 129 120 129 120 115 126 100 
Gain, g 57 54 51 45 35 48 41 53 39 45 39 26 
55 52 50 50 41 57 47 53 46 42 52 26 
Hemoglobin cone. 
Initial, g/dl 6.14 6.26 5.90 6.28 5.98 6.02 6.02 6.04 6.04 6.10 6.14 6.22 
5.72 5.90 5.70 5.74 5.76 5.72 5.76 5.76 5.92 5.76 5.66 5.78 
Final, g/dl 7.56 8.28 7.40 7.54 6.78 8.04 7.80 7.26 7.34 7.40 12.34 5.00 
7.14 8.36 7.52 7.34 6.80 7.68 8.00 7.42 6.80 7.60 12.00 4.64 
Gain, g/dl 1.42 2.02 1.50 1.26 0.80 2.02 1.78 1.22 1.30 1.30 6.20 -1.22 
1.42 2.46 1.82 1.60 1.04 1.96 2.24 1.66 0.88 1.84 6.34 -1.14 
Hematocrit 
Initial,% 24.4 26.4 21.8 23.2 22.8 21.6 24.6 22.2 23.2 20.4 23.8 23.0 
21.6 22.4 21.8 23.4 21.6 22.2 22.0 22.2 23.0 22.0 22.8 21.8 
Final,% 32.4 34.8 33.0 31.0 28.8 31.2 31.8 30.2 30.2 32.8 46.6 21.2 
30.4 35.0 31.4 31.0 29.8 32.8 34.0 31.2 29.2 33.0 44.0 19.2 
Gain, .% 8.0 8.4 11.2 7.8 6.0 9.6 7.2 8.0 7.0 12.4 22.8 -1.8 
8.8 12.6 9.6 7.6 8.2 10.6 12.0 9.0 6.2 11.0 21.2 -2.6 
co 
\.0 
Table 12 (cont.} 
% of dietary iron: 
from meat 
from Hba 
100 
0 
75 
25 
Iron sources in diets (~00% = 3.5 mg/10B g diet) 
raw autoclaved 
50 
50 
25 
75 
0 
100 
100 
0 
75 
25 
50 
50 
25 
75 
0 
100 
Feso4 basal diet diet 
-------------------------------------------------------------------------------------------------------
Diet 
Fe in diet,mg/100ge3.22 3.84 3.91 3.98 3.68 3.37 3.41 3.59 3.29 3.60 3.95 0.51 
Intake, g 105 115 100 95 84 97 92 104 92 94 93 80 
109 110 98 96 90 101 94 104 98 99 98 81 
Liver weight, g 4.50 4.23 4.04 4.76 3.85 3.85 4.13 4.31 4.22 4.48 4.38 3.22 
3.99 4.37 4.06 4.59 4.35 4.88 4.04 4.63 4.64 4.48 5.12 3.17 
L i v e r i ron , u g 145 175 134 152 122 116 129 134 147 150 212 94 
129 156 157 150 129 161 131 170 151 157 232 101 
Liver iron, 
ug/g liver 32.0 41.2 33.1 31.9 31.2 30.5 31.3 31.1 34.5 33.3 48.3 28.8 
31.9 35.9 37.9 33.0 29.7 32.9 32.7 36.7 32.6 34.8 45.3 31.9 
Efficiency,%f 35.0 30.2 27.6 25.2 21.3 36.4 31.9 28.3 28.0 28.2 57.2 23.3 
31.8 33.8 29.8 28.8 24.2 38.6 36.9 31.5 26.2 31.4 63.8 20.7 
Apparent 
absorption,% 59.6 44.5 49.3 52.1 54.5 51.7 55.4 46.2 48.6 60.2 86.5 59.1 
48.3 42.9 51.9 55.1 56.0 54.5 52.3 46.7 31.7 57.2 88.9 64.1 
.. 
---------------------------------------------------------------------------------------------------------~Hemoglobin (bovine) substrate powder type !!,Sigma Chem.Co.,St. Louis, MO. 
Autoclaved at 121 C for 90 min in glass canning jars. 
c,; ~~:~~z~~ ~!~~e~ats per diet. Values in c and d are replicates of the same diet. 
Efficiency of conversion of dietary iron into blood hemoglobin iron in anemic rats. 
l.O 
0 
Table. 13 Percent apparent iron absorption, efficiency of conversion of dietary iron to hemoglobin 
iron (iron bioavailability}, and parameters for calculation of iron bioavailability of diets 
containing either boiled or baked meat, then fed to anemic rats for 10 days. (Experiment 3}. 
Body weight 
Initial, g 
Final, g 
Gain, g 
Hemoglobin cone. 
Initial, g/dl 
Final, g/dl 
Gain, g/dl 
Hematocrit 
Initial, % 
Final,% 
Gain, % 
baked meat 
rare medium done 
70c 
75d 
118 
132 
48 
57 
6.26 
5.78 
8.34 
8.32 
2.08 
2.54 
22.6 
22.2 
31.4 
34.0 
8.8 
11.8 
73 
74 
123 
134 
50 
60 
6.26 
5.80 
8.58 
8.32 
2.32 
2.52 
24.0 
22.4 
33.4 
35.6 
9.4 
13.2 
73 
76 
123 
132 
50 
56 
6.36 
5.78 
9.16 
8.16 
2.80 
2.38 
23.8 
21.4 
32.0 
34.0 
8.2 
12.6 
Iron sources in diets 
boiled meat 
5 min 30 min 90 min 
75 
73 
129 
128 
54 
55 
6.06 
5.62 
7.22 
6.90 
1.16 
1.28 
23.6 
21.4 
29.4 
28.6 
5.8 
7.2 
73 
72 
120 
123 
47 
51 
6.00 
6.42 
7.64 
7.62 
1.64 
1.20 
24.0 
24.4 
33.0 
32.0 
9.0 
7.6 
72 
73 
121 
132 
49 
59 . 
6.08 
6.54 
8.30 
8.60 
2.22 
2.06 
24.6 
22.0 
33.8 
34.8 
9.2 
12.8 
raw a 
meat 
70 
75 
127 
130 
57 
55 
6.14 
5.72 
7.56 
7.14 
1.42 
1.42 
24.4 
21.6 
32.4 
30.4 
8.0 
8.8 
auto.ab Feso4 
meat diet 
71 
73 
119 
130 
48 
57 
6.02 
5.72 
8.04 
7.68 
2.02 
1.96 
21.6 
22.2 
31.2 
32.8 
9.6 
10.6 
74 
74 
113 
126 
39 
52 
6.14 
5.66 
12.34 
12.00 
6.20 
6.34 
23.8 
22.8 
46.6 
44.0 
22.8 
21.2 
basal 
diet 
72 
74 
96 
100 
26 
26 
6.22 
5.78 
5.00 
4.64 
-1.22 
-1.14 
23.0 
21.8 
21.2 
19.2 
-1.8 
-2.6 
\.0 
Table 13 (cont.) 
baked meat 
rare medium done 
Iron sources in diets 
boiled meat 
5 min 30 min 90 min 
raw a 
meat 
auto.ab Feso4 
meat diet 
basal 
diet 
----------------------------------------------------------------------------------------------------------· 
Diet 
Intake, g 105 108 108 104 99 99 105 97 93 80 
108 110 113 106 99 111 109 101 98 81 
Fe in diet (mg/100 g)e 3.61 3.64 3.67 3.34 3.14 3.53 3.22 3.37 3.95 0.51 
Liver weight, g 3.84 4.52 4.31 4.52 4.12 4.38 4.50 3.85 4.38 3.22 
4.58 4.82 4.44 4.31 4.24 4.64 3.99 4.88 5.12 3.17 
Liver iron,ug 132 169 131 133 140 152 145 116 211 94 
159 186 177 141 134 145 129 161 232 101 
Liver iron, ug/g liver 34.5 36.8 30.5 29.3 33.8 34.9 32.0 30.5 48.3 28.8 
34.5 38.8 40.3 32.8 31.4 31.6 31.9 32.9 45.3 31.9 
Efficiency,%f 32.5 34.5 37.6 31.0 33.9 36.4 35.0 36.4 57.2 23.3 
38.6 38.3 34.5 30.1 34.1 37.6 31.8 38.6 63.6 20.7 
Apparent absorption,% 49.1 58.7 60.1 61.0 49.3 62.2 59.6 51.7 86.5 59.1 
48.6 63.0 58.0 55.8 53.4 62.9 48.3 54.3 88.9 64.1 
----------------------------------------------------------------------------------------------------------
a These treatments were also used in experiment 2. 
b Autoclaved at 121 C for 90 min in glass canning jars. 
c,; ~~:~Y~:df~~~u~~ts per diet. Values in c and d are replicates of the same diet. 
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Appendix K 
Tables of Analysis of Variance 
Table 14. Analysis of variance for body weight gain of rats fed 
diets containing varying amounts of raw or autoclaved 
meat and Feso4• 
Sources of variation Df 
Diets (D) 8 
Feso4 control vs others 1 I ron source ( S) 3 
Methods (M), raw vs autoclaved .1 
s X M 3 
Error( a) 36 
Trial (T) 1 
Error( b) 4 
D X T 8 
Error( c} 32 
Total 89 
M.S. 
89.925 
61.250 
74.183 
204.800 
756.933 
38.089 
418.178 
7.428 
32.653 
32.434 
F 
* 2.361 
1.608 
1.948* 
5.377 
2.020 
** 56.298 
1.007 
94 
-*-------------------------------------------------------------------
**Significantly different at 5% level of probability. 
Significantly different at 1% level of probability. 
Table 15. Analysis of variance for final hemoglobin concentration 
of anemic rats fed diets containing varying amounts of raw 
or autoclaved meat and Feso4• 
Sources of variation Of M.S. F 
Diets (D) 8 27.571 ** 23.014 
95 
Feso4 control vs others Iron source (S) 
1 47.844 ** 39.937** 
Methods (M), raw vs autoclaved 
s X M 
Error( a) 36 
Trial (T) 1 
Error( b) 4 
D x T 8 
Error( c) 32 
Total 89 
3 56.163 
1 0.800 
3 1.143 
1.198 
0.144 
0.133 
0.787 
0.897 
46.881 
0.668 
0.957 
1.083 
0.877 
**-------------------------------------------------------------------Significantly different at 1% level of probability. 
Table 16. Analysis of variance for gain in hemoglobin concentration 
of anemic rats fed diets containing varying amounts of raw 
or autoclaved meat and Feso4• 
Sources of variation Df M.S. F 
** Diets (D) 8 27.369 25.342 
96 
Feso4 control vs others Iron source (S) 
1 48.360 ** 44.778** 
Methods (M), raw vs autoclaved 
S X M 
Error( a) 36 
Trial (T) 1 
Error( b) 4 
D x T 8 
Error( c) 32 
Total 89 
3 55.372 
1 1.152 
3 1.107 
1.080 
1.444 
0.685 
0.836 
0.773 
51.270 
1.067 
1.025 
2.108 
1.082 
**-------------------------------------------------------------------Significantly different at 1% level of probability. 
Table 17. Analysis of variance for final hematocrit of anemic rats 
fed diets containing varying amounts of raw or autoclaved 
meat and Feso4• 
Sources of variation Df M.S. F 
** Diets (D) 8 148.219 14.252 
97 
Feso4 control vs others 1 116.806 
** 11.231** 
Iron source (S} 
Methods (M}, raw vs autoclaved 
s X M 
Error( a} 36 
Trial (T} 1 
Error( b} 4 
D X T 8 
Error( c} 32 
Total 89 
3 336.683 
1 4.050 
3 18.283 
10.400 
5.378 
1.461 
9.053 
6.230 
32.373 
0.389 
1.758 
3.681 
1.453 
**-------------------------------------------------------------------Significantly different at 1% level of probability. 
Table 18. Analysis of variance for gain in hematocrit of anemic rats 
fed diets containing varying amounts of raw or autoclaved 
meat and Feso4• 
Sources of variation Df M.S. F 
** Diets (D) -8 147.386 13.152 
98 
Feso4 control vs others 1 123.339 
** 11.007** 
Iron source (S) 
Methods (M), raw vs autoclaved 
S X M 
Error( a) 36 
Tria 1 ( T) 1 
Error( b) 4 
D x T 8 
Error( c) 32 
Total 89 
3 337.083 
1 6.050 
3 12.817 
11.206 
6.944 
5.583 
11.019 
6.346 
30.081 
0.540 
1.144 
1.244 
1.736 
**-------------------------------------------------------------------Significantly different at 1% level of probability. 
Table 19. Analysis of variance for liver weight of anemic rats fed 
diets containing varying amounts of raw or autoclaved 
meat and Feso4. 
Sources of variation Df M.S. F 
Diets (D) 8 1.950 ** 8.369 
99 
** Feso4 control vs others 1 11.095 47.618** Iron source (S) 
Methods (M), raw vs autoclaved 
s X M 
Error( a) 36 
Trial (T) 1 
Error( b) 4 
D x T 8 
Error( c) 32 
Total 89 
3 1.065 
1 0.122 
3 0.396 
0.233 
5.481 
0.089 
0.106 
0.224 
4.571 
0.524 
1.700 
** 61.584 
0.473 
**-------------------------------------------------------------------Significantly different at 1% level of probability. 
100 
Table 20. Analysis of variance for total liver iron of anemic rats 
fed diets containing varying amounts of raw or autoclaved 
meat and Feso4• 
Sources of variation Df 
Diets (D) · 8 
Feso4 control vs others (Fe) 1 Iron source (S) 3 
Methods (M), raw vs autoclaved 1 
s X M 3 
Error( a) 36 
Tria 1 ( T) 1 
Error( b) 4 
D x T 8 
T X Fe 1 
T X s 3 
T x M 1 
T X S X M 3 
Error( c) 32 
Total 89 
M.S. 
16638.521 
71718.276 
15894.664 
3843.378 
3287.508 
1874.901 
74943.648 
3744.246 
9575.510 
16362.057 
4823.338 
24071.391 
7233.539 
3020.573 
F 
** 8.874 
** 38.252** 
8.478 
2.050 
1.753 
* 20.016 
** 3.170 * 
5.417 
1.597** 
7.969 
2.395 
-;-------------------------------------------------------------------
**Significantly different at 5% level of probability. 
Significantly different at 1% level of probability. 
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Table 21. Analysis of variance for liver iron concentration of 
anemic rats fed diets containing varying amounts of raw 
or autoclaved meat and Feso4• 
Sources of variation Df 
Diets (D) 8 
Feso4 control vs others (Fe) 1 Iron source (S) 3 
Methods (M}, raw vs autoclaved 1 
S X M 3 
Error( a) 36 
Trial (T) 1 
Error( b) 4 
D x T 8 
T x Fe 1 
T X s 3 
T x M 1 
T X s X M 3 
Error( c) 32 
Total 89 
M.S. 
405.896 
1125.000 
540.419 
119.072 
127.280 
60.935 
2017.347 
61.875 
351.936 
1176.066 
47.906 
998.284 
165.805 
111.205 
F 
** 6.661 
** 18.462** 
8.869 
1.954 
2.089 
** 32.604 
* 3.165 ** 
10.576 
0.431** 
8.977 
1.491 
-*-------------------------------------------------------------------
**Significantly different at 5% level of probability. 
Significantly different at 1% level of probability. 
Table 22. Analysis of variance for diet intake by anemic rats fed 
diets containing varying amounts of raw or autoclaved 
meat and Feso4• 
Sources of variation Df . M.S. F 
** Diets (D) 8 212.950 5.212 
102 
Feso4 control V$ others 1 Iron source (S) 3 
127.511 
300.746 
3.121** 
7.360 
Methods (M), raw vs autoclaved 
S X M 
Error( a) 36 
Trial (T) 1 
Error( b) 4 
D x T 8 
Error( c) 32 
Total 89 
1 154.031 
3 173.279 
40.861 
1314.844 
38.594 
71.694 
85.819 
3.769* 
4.241 
** 34.069 
0.835 
-*-------------------------------------------------------------------
**Significantly different at 5% level of probability. 
Significantly different at 1% level of probability. 
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Table 23. Analysis of variance for efficiency of conversion of food 
iron to hemoglobin iron in anemic rats fed diets containing 
varying amounts of raw or autoclaved meat and Feso4• 
Sources of variation 
Diets (D) 8 
Feso4 control vs others Iron source (S} 
Methods (M}, raw vs autoclaved 
S X M 
Error( a} 36 
Trial (T} 1 
Error( b} 4 
D x T 8 
Error( c) 32 
Total 89 
Df M.S. 
1564.764 
1 2925.457 
3 3167.744 
1 4.695 
3 28.243 
56.659 
15.683 
58.850 
37.4.06 
46.305 
F 
** 27.617 
** 51.633** 
55.909 
0.083 
0.498 
0.266 
0.808 
;;-------------------------------------------------------------------Significantly different at 1% level of probability. 
l 04 
Table 24. Analysis of variance for apparent iron absorption in anemic 
rats fed diets containing varying amounts of raw or 
autoclaved meat and Feso4• 
Sources of variation Of 
Diets (D) 8 
Feso4 control vs others 1 Iron source (S) 3 
Methods (M), raw vs autoclaved 1 
S X M 3 
Error( a) 36 
Trial (T) 1 
Error( b) 4 
D x T 8 
Error( c) 32 
Total 89 
M.S. 
1068.463 
40.229 
2645.104 
108.508 
154.551 
97.096 
260.270 
24.381 
182.334 
63.493 
F 
** 11.004 
0.414** 
27.242 
1.117 
1.592 
* 10.675 
* 2.872 
-*-------------------------------------------------------------------
**Significantly different at 5% level of probability. 
Significantly different at 1% level of probability. 
Table 25 Analysis of variance for body weight gain of anemic rats 
fed diets containing varying amounts of raw or autoclaved 
meat and hemoglobin. 
105 
----------------------------------------------------------------------
sources of variation Of 
Diets (D) 10 
Feso4 control vs others 1 Iron source (S) 4 
Methods (M),raw or autoclaved 1 
S X M 4 
Error( a) 44 
Tria 1 ( T) 1 
Error( b) 4 
0 x T 10 
Error( c) 40 
Total 109 
M.S. 
316.620 
2361.573 
578.260 
90.250 
178.600 
60.927 
335.127 
96.082 
70.187 
71.192 
F 
** 5.197 
** 38.761** 
9.491 
1.481* 
2.931 
3.487 
0.986 
*------------------------------------------------------------------
**Significantly different at 5% level of probability. 
Significantly different at 1% level of probability. 
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Table 26 Analysis of variance for final hemoglobin concentration of 
anemic rats fed diets containing varying amounts of raw or 
autoclaved meat and hemoglobin. 
sources of variation Df 
Diets (D) 10 
Feso4 control vs others 1 I ron source ( S) 4 
Methods (M),raw or autoclaved 1 
s X M 4 
Error( a) 44 
Trial (T) 1 
Error( b) 4 
D x T 10 . 
Error( c) 40 
Total 109 
M.S. 
21.505 
198.008 
2.896 
0.096 
1.341 
1.230 
0.265 
0.227 
0.193 
0.494 
F 
** 17.484 
160.982 
2.354 
0.078 
1.090 
1.167 
0.391 
** 
**-----------------------------------------------------------------Significantly different at 1% level of probability. 
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Table 27 Analysis of variance for gain in hemoglobin concentration 
of anemic rats fed diets containing varying amounts of raw 
or autoclaved meat and hemoglobin. 
sources of variation Df 
Diets (D) 10 
Feso4 control vs others 1 Iron source (S) 4 
Methods (M),raw or autoclaved 1 
S X M 4 
Error( a) 44 
Trial (T) 1 
Error( b) 4 
D x T 10 
Error( c) 40 
Total 109 
M.S. 
21.560 
110.22 
2.641 
0.185 
1.159 
0.493 
1.353 
0.380 
0.206 
0.452 
F 
** 43.732 
** 223.570** 
5.357 
0.375 
2.351 
3.561 
0.456 
**-----------------------------------------------------------------Significantly different at 1% level of probability. 
Table 28 Analysis of variance for final hematocrit in anemic rats 
fed diets containing varying amounts of raw or autoclaved 
meat and hemoglobin. 
sources of variation Of M.S. F 
108 
----------------------------~-----------------------------------------
Diets (D) 10 
Feso4 control vs others Iron source (S) 
Methods (M),raw or autoclaved 
s X M 
Error( a} 44 
Tria 1 ( T) 1 
Error( b) 4 
D x T 10 
Error( c) 40 
Total 109 
192.945 
1 1681.455 
4 35.425 
1 0.360 
4 26.485 
12.332 
0.227 
7.477 
5.927 
5.027 
** 15.646 
** 136.349* 
2.873 
0.029 
2.148 
0.030 
1.179 
-*-----------------------------------------------------------------
**Significantly different at 5% level of probability. 
Significantly different at 1% level of probability. 
Table 29 Analysis of variance for gain in hematocrit of anemic 
rats fed diets containing varying amounts of raw or 
autoclaved meat and hemoglobin. 
sources of variation Of 
Diets (D) 8 
Feso4 control vs others 1 Iron source (S) 4 
Methods (M),raw or autoclaved 1 
s X M 4 
Error( a) 44 
Trial (T) 1 
Error( b) 4 
D x T 10 
Error( c) 40 
Total 109 
M.S. 
176.925 
1522.215 
24.660 
5.760 
35.660 
16.400 
16.036 
15.059 
12.376 
13.224 
F 
** 10.788 
** 92.81 
1.504 
0.351 
2.174 
1.065 
0.936 
-**----------------------------------------------------------------Significantly different at 1% level of probability. 
109 
110 
Table 30 Analysis of variance for liver weight of anemic rats fed 
diets containing varying amounts of raw or autoclaved meat 
and hemoglobin. 
sources of variation Df 
Diets (D) 10 
Feso4 control vs others 1 Iron source (S) 4 
Methods (M),raw or autoclaved 1 ' 
s X M 4 
Error( a) 44 
Trial (T) 1 
Error( b) 4 
D X T 10 
Error( c) 40 
Total 109 
M.S. 
0.536 
1.681 
0.372 
0.208 
0.495 
0.225 
1.313 
0.341 
0.488 
0.240 
F 
* 2.382 
7.471 
1.653 
0.924 
2.200 
3.850 
2.033 
** 
-;-----------------------------------------------------------------
**Significantly different at 5% level of probability. 
Significantly different at 1% level of probability. 
Table 31 Analysis of variance for total liver iron of anemic 
rats fed diets containing varying amounts of raw or 
autoclaved meat and hemoglobin. 
sources of variation Df 
Diets (D) 10 
Feso4 control vs others 1 Iron source (S) 4 
Methods (M),raw or autoclaved 1 
s X M 4 
Error( a) 44 
Trial (T) 1 
Error( b) 4 
D x T 10 
Error( c) 40 
Total 109 
M.S. 
6684.761 
54152.295 
645.321 
1.960 
2528.016 
1362.607 
2675.511 
200.386 
970.331 
887.619 
F 
4.906 ** 
39.742 
0.474 
0.001 
1.855 
* 13.352 
1.093 
** 
-*-----------------------------------------------------------------
**Significantly different at 5% level of probability. 
Significantly different at 1% level of probability. 
lll 
Table 32 Analysis of variance for liver iron concentration of 
anemic rats fed diets containing varying amounts of raw 
or autoclaved meat and hemoglobin. 
sources of variation 
Diets (D) 10 
Feso4 control vs others Iron source (S) 
Methods (M),raw or autoclaved 
S X M 
Error( a) 44 
Trial (T) 1 
Error( b) 4 
D X T 10 
Error( c) 40 
Total 109 
Df M.S. 
211.594 
1 1632.608 
4 45.997 
1 13.764 
4 71.396 
47.305 
5.727 
6.042 
26.178 
24.742 
F 
** 4.473 
34.512 
0.972 
0.291 
1.509 
0.948 
1.058 
** 
;;-----------------------------------------------------------------Significantly different at 1% level of probability. 
112 
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Table 33 Analysis of variance for diet intake by anemic rats fed 
diets containing varying amounts of raw or autoclaved meat 
and hemoglobin. 
sources of variation Df 
Diets (D) 10 
Feso4 control vs others 1 I ron source ( S) 4 
Methods (M),raw or autoclaved 1 
s X M 4 
Error( a) 44 
Tria 1 ( T) 1 
Error( b) 4 
D X T 10 
Error( c) 40 
Total 109 
M.S. 
531.207 
76.983 
715.385 
342.250 
507.825 
161.336 
43.282 
183.805 
37.902 
82.400 
F 
** 3.293 
0.477** 
4.434 
2.121* 
3.148 
0.235 
0.460 
*------------------------------------------------------------------
**Significantly different at 5% level of probability. 
Significantly different at 1% level of probability. 
114 
Table 34 Analysis of variance for efficiency of converting food iron 
to hemoglobin iron in anemic rats fed diets containing 
varying amounts of raw or autoclaved meat and hemoglobin. 
sources of variation Df 
Diets (D) 10 
Feso4 control vs others 1 Iron source (S) 4 
Methods (M),raw or autoclaved 1 
S X M 4 
Error( a) 44 
Trial (T) 1 
Error( b) 4 
D X T 10 
Error( c) 40 
Total 109 
M.S. 
991.202 
8292.591 
312 .. 941 
220.285 
36.846 
22.148 
170.752 
12.351 
19.717 
25.740 
F 
** 44.754 
** 374.471** 
14.130** 
9.946 
1.664 
* 13.825 
0.766 
-*-----------------------------------------------------------------
**Significantly different at 5% level of probability. 
Significantly different at 1% level of probability. 
Table 35 Analysis of variance for % apparent iron absorption in 
anemic rats fed diets containing varying amounts of raw 
or autoclaved meat and hemoglobin. 
sources of variation Of 
Diets (D) 10 
Feso4 control vs others 1 Iron source (S) 4 
Methods (M),raw or autoclaved 1 
S X M 4 
Error( a) 44 
Trial (T) 1 
Error( b) 4 
D x T 10 
Error( c) 40 
Total 109 
M.S .. 
1526.944 
12289.001 
352.442 
23.610 
386.764 
57.283 
120.395 
9.010 
104.600 
73.900 
F 
** 26.656 
** 214.530** 
6.153 
0.412** 
6.752 
* 13.362 
1.415 
**-----------------------------------------------------------------Significantly different at 1% level of probability. 
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Table 36. Analysis of variance for final hemoglobin concentration 
of anemic rats fed diets containing either boiled or 
baked meat. 
Sources of variation Of M.S. F 
Diets (D) 8 22.573 ** 23.836 
116 
Methods,boiled vs baked (M) 1 
Degree of heat treatment (H) 2 
8.817 
3.746 
** 9.310* 
M X H 
Feso4 vs raw vs autoclaved vs boiled and baked 
Error( a) 36 
Trial (T) 1 
Error( b) 4 
D x T 8 
Error( c) 32 
Total 89 
2 1.415 
3 53.816 
0.947 
1.654 
0.465 
0.319 
0.785 
3.956 
1.494 
56.828 
3.557 
0.406 
** 
-;-------------------------------------------------------------------
**Significantly different at 5% level of probability. 
Significantly different at 1% level of probability. 
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Table 37. Analysis of variance for gain in hemoglobin concentration 
of anemic rats fed diets containing either boiled or baked 
meat. 
Sources of variation Of 
Diets (D) 8 
Methods,boiled VS baked (M) 1 
Degree of heat treatment (H) 2 
M x H 2 
Feso4 vs raw vs autoclaved vs boiled and baked 3 
Error( a) 36 
Trial (T) 1 
Error( b) 4 
D X T 8 
Error( c) 32 
Total 89 
M.S. 
23.208 
10.753 
1.940 
0.600 
56.612 
0.532 
0.007 
0.394 
0.213 
0.602 
F 
** 43.624 
** 20.212* 
3.647 
1.128 
106.414 
0.018 
0.354 
** 
-*-------------------------------------------------------------------
**Significantly different at 5% level of probability. 
Significantly different at 1% level of probability. 
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Table 38 Analysis of variance for final hematocrit of anemic rats 
fed diets containing either boiled or baked meat. 
Sources of variation Df 
Diets {D) 8 
Methods,boiled vs baked {M) 
Degree of heat treatment {H) 
M x H 
Feso4 vs raw vs autoclaved vs boiled and baked 
Error{ a) 36 
Trial {T) 1 
Error{ b) 4 
0 X T 8 
Error{ c) 32 
Total 89 
M.S. 
210.678 
1 32.267 
2 49.617 
2 32.317 
3 496.430 
12.394 
2.500 
3.667 
9.550 
9.560 
F 
** 16.998 
2.603* 
4.003 
2.607 
** 40.054 
0.682 
0.999 
-*--------------------------------------------------------------------
**Significantly different at 5% level of probability. 
Significantly different at 1% level of probability. 
11 ~ 
Table 39. Analysis of variance for gain in hematocrit of anemic rats 
fed diets containing either boiled or baked meat. 
Sources of variation Of 
Diets {D) 8 
Methods,boiled vs baked {M) 1 
Degree of heat treatment {H) 2 
M x H 2 
Feso4 vs raw vs autoclaved 
vs boiled and baked 3 
Error{ a) 36 
Trial {T) 1 
Error{ b) 4 
0 x T 8 
Error( c) 32 
Total 89 
M.S. 
196.244 
64.067 
26.867 
27.467 
465.741 
11.028 
62.500 
4.444 
12.150 
11.563 
F 
** 17.795 
5.809 
2.436 
2.491 
42.233 
** 14.064 
1.051 
* 
** 
-*-------------------------------------------------------------------
**Significantly different at 5% level of probability. 
Significantly different at 1% level of probability. 
Table 40. Analysis of variance for total liver iron of anemic rats 
fed diets containing either boiled or baked meat. 
Sources of variation Of 
Diets (D) 8 
Methods,boiled vs baked (M) 1 
Degree of heat treatment (H) 2 
M x H 2 
Feso4 vs raw vs autoclaved 
vs boiled and baked 3 
Error( a) 36 
Trial (T) 1 
Error( b) 4 
D X T 8 
Error( c) 32 
Total 89 
M.S. 
7962.326 
4914.150 
1318.117 
1942.850 
17420.841 
1043.675 
5017.600 
299.093 
1213.869 
621.307 
F 
** 7.629 
4.709 
1.263 
1.862 
16.692 
16.776 
1.954 
120 
* 
** 
-*-------------------------------------------------------------------
**Significantly different at 5% level of probability. 
Significantly different at 1% level of probability. 
Table 41. Analysis of variance for liver iron concentration of 
anemic rats fed diets containing either boiled or baked 
meat. 
Sources of variation Of 
Diets (D) 8 
Methods,boiled vs baked (M) 1 
Degree of heat treatment (H) 2 
M x H 2 
Feso4 vs raw vs autoclaved vs boiled and baked 3 
Error( a) 36 
Trial (T) 1 
Error( b) 4 
D X T 8 
Error( c) 32 
Total 89 
M.S. 
240.489 
195.482 
30.062 
11.758 
548.263 
33.010 
22.700 
30.631 
41.771 
22.980 
F 
** 7.285 
5.922 
0.911 
0.356 
16.609 
0.741 
1 .• 818 
121 
* 
** 
-*-------------------------------------------------------------------
**Significantly different at 5% level of probability. 
Significantly different at 1% level of probability. 
Table 42. Analysis of variance for efficiency of converting food 
iron into hemoglobin iron in anemic rats fed diets 
containing either boiled or baked meat. 
Sources of variation Df 
Diets (D) 8 
Methods,boiled vs baked (M) 
Degree of heat treatment (H) 
M x H 
Feso4 vs raw vs autoclaved vs boiled and baked 
Error( a) 36 
Tria 1 ( T) 1 
Error( b) 4 
D X T 8 
Error( c) 32 
Total 89 
M.S. 
763.277 
1 69.058 
2 60.962 
2 44.458 
3 1942.105 
24.325 
45.810 
30.814 
32.430 
36.395 
F 
** 31.378 
2.839 
2.506 
1.828 
79.840 
1.487 
0.891 
122 
** 
**-------------------------------------------------------------------Significantly different at 1% level of probability. 
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Table 43. Analysis of variance for apparent iron absorption in 
anemic rats fed diets containing either boiled or baked 
meat. 
Sources of variation Df 
Diets (D) 8 
Methods,boiled vs baked (M} 1 
Degree of heat treatment (H) 2 
M x H 2 
Feso4 vs raw vs autoclaved vs boiled and baked 3 
Error( a) 36 
Trial (T) 1 
Error( b) 4 
D x T 8 
Error( c) 32 
Total 89 
M.S. 
1324.705 
21.099 
266.071 
476.097 
3030.734 
58.778 
6.157 
10.169 
64.492 
46.951 
F 
** 22.537 
0.359* 
4.527** 
8.100 
51.562 ** 
0.605 
1.373 
-*-------------------------------------------------------------------
**Significantly different at 5% level of probability. 
Significantly different at 1% level of probability. 
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